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TITLE OF THE INVENTION 
Method for the Individual Adaptation of Excitation Intensities in a Multiband 
Fluorescence Microscope and a Multiband Fluorescence Microscope for Carrying Out 

Said Method 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] The present application is the U.S. national phase under 35 U.S.C. 371 of 
International Application No. PCT/DE99/03768 filed November 27, 1999 claiming 
priority of German Patent Application No. 198 58 206.4 filed December 17, 1998. 

10 

FIELD OF THE INVENTION 
[0002] The invention relates to a method for the individual adaptation of excitation 
intensities in a multiband fluorescence microscope and a multiband fluorescence 
microscope to execute the method corresponding to the features of the introductory clause 
15 of the independent claims. 

BACKGROUND OF THE INVENTION 
[0003] With the multiband fluorescence microscope, the user frequently confronts the 
problem that the different fluorescence bands in the microscopic image have varying 

20 intensities and are not uniformly visible. The cause lies frequently in the difference in 
excitation intensities in the illumination beam path or even in the varying blockage of the 
fluorescence intensities by a barrier filter in the imaging beam path. Also, different 
concentrations of the fluorescence die for the different excitation bands, even when 
staining the objects to be considered, or the progressive bleaching of the dye, the so- 

25 called fading, lead to differing intensities of the fluorescence bands in the microscopic 
image. The different intensities of the fluorescence bands prove to be especially 
problematic then if the microscopic image is to be photographically recorded. Then the 

1 



LWEP:103_US_ 

portion of the fluorescent light of weak intensity on the photo is too weakly reproduced or 
is not visible at all. Only with intensities of the fluorescence bands that are as uniform as 
possible can there be defect-free photos of the microscopic image. 
[0004] US Patent 5,371,624 specifies a fluorescence microscope having only two 
5 excitation bands in which the intensities of the two excitation bands can be intermittently 
affected. It includes an illumination beam path having a light source and an excitation 
filter that produces several excitation bands of varying light wavelengths from the light of 
the light source. Furthermore, it has a splitter mirror, an output filter (also designated as a 
barrier filter or emission filter) for the fluorescent light and a filter element for affecting 

1 0 the intensities of the excitation bands. 

[0005] The filter element can, by tilting continuously with respect to the optical axis, 
be switched between two limit positions having two fixed, predetermined values of the 
transmission factors of one or the other excitation band. In the one limit position, only 
the first excitation band is attenuated, in the other limit position only the second 

1 5 excitation band is attenuated and between the two limit positions, neither of the excitation 
bands is attenuated. A drop in the transmission factor of the particular excitation band is 
only possible up to the fixed, predetermined value. However, variation between a 
maximum transmission and a zero value, i.e., up to full suppression of one of the two 
excitation bands, is not possible. Moreover, only two excitation bands can be affected. 

20 

SUMMARY OF THE INVENTION 
[0006] It is object of the present invention to specify a method for individual 
adaptation of excitation intensities in a multiband fluorescence microscope and a 
multiband fluorescence microscope to execute the method, in which one or more of the 
25 excitation bands can be partially or completely filtered out. For this purpose the 

transmission factor for each excitation band is to be continuously adjustable using simple 
means. 
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[0007] This obj ective is met by the invention via the characterizing features of the 
independent claims. Advantageous embodiments arise from the features of the dependent 
claims. 

[0008] The method of the invention starts from a known multiband fluorescence 
5 microscope in which several excitation bands of varying wavelengths are produced using 
an excitation filter in an illumination beam path from the light of a light source. The 
excitation bands illuminate a fluorescence object prepared using fluorescence dyes and 
are converted by it into frequency-shifted fluorescence bands. 
[0009] According to the invention, the fluorescence intensities of the individual 
1 0 fluorescence bands are first determined in the microscopic image and compared to 

previously set intensity setpoint values. The fluorescence intensities can be determined, 
for example, either visually or by using an intensity meter. This can consist for example 
of a video or CCD camera having an image analysis system connected in an outgoing 
circuit. 

1 5 [0010] In this context a different intensity setpoint value can be set for each 

fluorescence band. However, in practice, the setpoint values are oriented toward concrete 
problems posed by the microscope user. If, for example, the microscopic image is to be 
documented either photographically or by video camera, and thus each fluorescence band 
in the photo or in the video image is to be reproduced with equal brightness, then the 

20 level of the setpoint values depends on the spectral sensitivity of the film or the camera. 
Therefore, their spectral sensitivity must be taken into consideration in the determination 
of setpoint values for the various excitation bands. 

[001 1 ] Therefore, the desired setpoint values must all be equal - and in particular 
equal to the lowest fluorescence intensity - provided that the film or the camera 
25 reproduces all spectral colors with equal intensity. However, if the spectral sensitivity of 
the video camera or of the film is not constant, then correspondingly varying setpoint 
values must be set for the different fluorescence bands in order to be able to reproduce the 
fluorescence bands with equal brightness. 

3 
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[0012] On the other hand, if specific fluorescence bands do not appear on the photo 
or the video image, and thus are masked out, then the setpoint values for said bands must 
be equal to zero. In this context, it proves to be beneficial if the setpoint values are equal 
to the lowest of their intensities also for the fluorescence bands that are not masked out. 
5 Then these fluorescence bands all appear equally bright. 

[0013] For each excitation band that is assigned to a fluorescence intensity deviating 
from the setpoint values, a selective filter according to the present invention tuned to the 
pertinent excitation band is brought into the illumination beam path. Its spectral 
transmission curve is configured so that exclusively the intensity of the pertinent 

1 0 excitation band is reduced, but the remaining spectral regions pass through unhindered. 
[0014] In a multiband fluorescence microscope according to the invention for 
executing the method according to the invention, a filter draw assembly made of a 
multiplicity of individually movable filter draws is perpendicularly inserted in the 
illumination beam path tightly next to the aperture diaphragm plane. 

1 5 [0015] The structure of the filter draw is a function of the number of the different 

excitation bands of the multiband fluorescence microscope. For a number of n excitation 
bands, each filter draw has n selective filters harmonized to the excitation bands and 
having surface regions with high and low transmission factors. 

[0016] The different transmission factors are achieved by virtue of the fact that only 
20 certain area portions of the beam cross-section are occupied using separate filter-area 

elements. In this context as even a surface coverage of the beam cross-section as possible 
is sought so that no unilateral shading, and thus also no unilateral illumination of the 
pupils, is made. As a result a crooked illumination, and thus a lateral migration of the 
picture elements, is prevented during focusing. 
25 [0017] It must be possible to insert the filters in the illumination beam path 

independently of each other individually or in combination using the desired surface 
region or the desired transmission. In this context, it must be possible with n excitation 
bands to combine a maximum of n-1 filters with each other, i.e. simultaneously insert 
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them in the illumination beam path. This is sufficient since all excitation bands must 
never be attenuated simultaneously, because as a rule an excitation band supplies the 
intensity setpoint value and remains unchanged. Likewise, all excitation bands must not 
be triggered simultaneously, since this is equivalent to turning off the lighting. 
5 [0018] In order to achieve the required combinations from n-1 filters, n-1 individually 
movable filter draws that are situated tightly parallel next to the aperture diaphragm plane 
with little distance between them and are effectual in combination are arranged in an 
advantageous embodiment of a multiband fluorescence microscope according to the 
invention having n excitation bands on n-1 disk planes. With each filter draw, one filter 
10 for an excitation band can be suitably adjusted so that altogether a maximum of n-1 
excitation bands (one less than the maximum number) can be selectively attenuated or 
triggered. 

[0019] For two excitation bands, it is sufficient if the two required filters are arranged 
in a single disk plane (n-l=l), since either only the one or only the other filter must be 

1 5 inserted in the illumination beam path. Therefore, a filter draw assembly to affect two 
excitation bands is preferably of one piece, thus designed with only one filter draw. 
However, for more than two excitation bands, a corresponding multi-piece filter draw 
assembly must be provided with n-1 individually movable filter draws. 
[0020] Except for the selective filters for the various excitation bands, each filter 

20 draw has at least one blank aperture with the beam diameter of the illumination beam 
path. In this case a blank aperture is arranged next to each filter. Depending on the 
embodiment, the filters can also be grouped directly around a single blank aperture. The 
transmission factor of the filter diminishes in the shifting direction as the distance from 
the blank aperture increases. In this case each filter has a surface region with the lowest 

25 transmission factor and a minimum diameter equal to the beam diameter x. If this surface 
region is inserted in the illumination beam path, the associated excitation band is 
maximally attenuated, i.e., to the zero value. 



5 
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[0021] By correctly positioning each of the individual filters in the illumination beam 
path, the transmission factor that is acting on the illumination beam path is precisely 
individually adjusted such that by attenuating the excitation band assigned to the filter, 
the resulting fluorescence intensity matches its intensity setpoint value. To execute this 
5 process step, separate positioning means, which bring about the full or partial covering of 
the illumination beam path using the appropriate surface region of the filter draw, are 
assigned to each filter draw. Thus, the blank aperture or one or more of the filters or 
combinations of filter regions and the blank aperture can be inserted in the illumination 
beam path, according to preference. If this last process step was executed for all filters 

1 0 and thus all excitation bands, all fluorescence intensities match their setpoint values. 
[0022] Even after optimal setting of the fluorescence intensities by applying the 
method according to the invention using a specified multiband fluorescence microscope, 
deviations of the fluorescence intensities from the setpoint values reoccur after some 
time. This is attributable to the fact that the various fluorescence dyes for the various 

1 5 excitation bands fade a differing rates, i.e., they exhibit a specific fading. 

[0023] Therefore, in one advantageous embodiment of the method, the time changes 
of the fluorescence intensities are continuously determined. The transmission factors of 
the filter that are in effect within the illumination beam path are then repeatedly adjusted 
at specific time intervals so that the fluorescence intensities are always brought into 

20 accord with their setpoint values. 

[0024] An especially advantageous embodiment of the method provides for an 
automatic fading compensation. For this purpose the time modifications of the 
fluorescence intensities are automatically continually determined. To do this the 
microscopic image, for example, can be automatically continually recorded using a video 

25 camera and the fluorescence intensities contained therein can be determined using an 
image analysis system and compared to the predetermined setpoint values. 
[0025] Then the transmission factors of the filter are automatically continuously 
modified and adapted so that the fluorescence intensities are always kept at the intensity 
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setpoint values. To this end, motorized positioning means, for example, can be used. 
The drive of the motors and regulation of the fluorescence intensities in relation to the 
setpoint values can be achieved using an electronic unit and a computer to which the 
signals of the video camera or the image analysis system are fed. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0026] The invention is explained in more detail below with respect to the schematic 
drawing. Shown are: 

Figure 1 a beam path of a multiband fluorescence microscope according to the 
10 invention; 

Figure 2a-d various embodiments of a filter draw for a dual-band fluorescence 
microscope; 

Figure 2e the spectral transmission curve of the excitation bands and the assigned 

filter of a filter draw for a dual-band fluorescence microscope; 
1 5 Figure 3a-c various embodiments of a filter draw for a two-piece filter draw assembly 

of a three-band fluorescence microscope; 
Figure 3d the spectral transmission curve of the excitation bands and the assigned 

filter of a filter draw for a three-band fluorescence microscope; 
Figure 4a-b various embodiments of a filter draw for a three-part filter draw assembly 
20 of a four-band fluorescence microscope; 

Figure 4c the spectral transmission curve of the excitation bands and the assigned 

filter of a filter draw for a four-band fluorescence microscope. 

DETAILED DESCRIPTION OF THE INVENTION 
25 [0027] Figure 1 shows a beam path of a multiband fluorescence microscope for 

executing the method according to the invention. From a light source 1 an illumination 
beam path starts with an optical axis 2 in which a collector 3, a first lens member 4, an 
aperture diaphragm 5, a second lens member 6, a radiant field stop 7, a third lens member 

7 
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8 and a excitation filter 9 are arranged in succession to produce the excitation bands. The 
illumination beam path is deflected at a beam splitter 10 to an objective 1 1. It passes 
through the objective 1 1 and reaches a fluorescence object 12, which rests on a specimen 
stage 13. 

5 [0028] The excitation bands produced by excitation filter 9 in the illumination beam 
path are converted into fluorescence bands 12 by fluorescence dyes that were injected in 
fluorescence object 12, and said bands are emitted by the fluorescence object in a 
frequency-shifted state. This fluorescence light passes through objective 11, beam 
splitter 10, an output filter 14, a tube lens 15 and reaches an intermediate image plane 16. 

10 The intermediate image produced here can be considered by microscope user using an 
eyepiece 17. The intermediate image is displayed via a TV output on a video camera 18 
having an image analysis system 19 connected in series. With this design the 
fluorescence intensities of the individual fluorescence bands in the microscopic image 
can be determined either visually using eyepiece 17 or using image analysis system 19 

1 5 and then compared to intensity setpoint values greater than or equal to zero. 

[0029] To attenuate the excitation bands, a filter draw assembly 20 according to the 
invention, consisting in this example of two filter draws 21a and 21b, is inserted 
perpendicular to the optical axis 2 of the illumination beam path tightly next to, i.e., 
behind or in front of aperture diaphragm plane 24. Arranged on each filter draw 21a, 21b 

20 are a blank aperture 22 and in addition several selective filters 23 tuned to the excitation 
bands. By arranging filter draws 21a, 21b as narrowly as possible, filters 23 can be 
situated as tightly as possible next to aperture diaphragm plane 24. This ensures that the 
inserted filter draws 21a, 21b are not visible in the image. A further advantage is that in 
this case the least possible beam fanning occurs, so that the surface region of filter 23 can 

25 be kept as small as possible. 

[0030] According to the present invention, positioning means are assigned to each 
filter draw. In this context positioning means having the possibility of manual 
adjustability can be used in economic embodiments. Although motorized positioning 
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means are more expensive, they permit an automation of the method according to the 
invention. 

[0031] In the embodiment illustrated here, two motors 25a, 25b that can shift parallel 
to the aperture diaphragm plane and/or rotate filter draws 21a, 21b are arranged as 
5 positioning means for filter draws 21a, 21b. Using the motors 25a, 25b either the blank 
aperture 22 or a selective filter 23 or a combination of the two can be inserted in the 
illumination beam path by the particular assigned filter draw 2 la or 21b. The motors 25a, 
25b are driven by control electronics 26, which receive the input signal from the image 
analysis system 19. 

1 0 [0032] The image analysis system 1 9 determines from the camera signal the deviation 
of the fluorescence intensities from their setpoint values. Then those excitation bands 
that cause the deviations from setpoint values are determined and one of the filter draws 
21a, 21b is assigned to each of these excitation bands for attenuation. In the illustrated 
example, two excitation bands can thus be completely attenuated, i.e. to the zero value, or 

1 5 even partially attenuated. For each filter draw 2 1 a, 2 1 b a drive signal is produced for the 
associated motor 25a, 25b. Each filter draw 21a, 21b is continuously shifted via the 
associated motor 25a, 25b so that a filter 23 selectively acting on the assigned excitation 
band is inserted in the illumination beam path. Then the filter draw 21a or 21b is shifted 
further until a surface region of the inserted filter 23 has a transmission factor in the 

20 illumination beam path through which the assigned excitation band is attenuated to the 
intensity setpoint value. In this way, all excitation bands are set to their intensity setpoint 
values. 

[0033] Different embodiments of filter draw assembly 20 or the filter draw 2 1 and the 
associated spectral transmission curves of the filters arranged on them are explained 
25 below. 

[0034] A filter draw 2 1 for a multiband fluorescence microscope having two 
excitation bands A and D is depicted in Figure 2a. Applied to a rectangular glass plate 27 
as different vapor deposition layers are a long-pass filter 29 for the intensity reduction of 

9 
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the short-wave excitation band A and a short-pass filter 28 for the intensity reduction of 
the long-wave excitation band D. They are located on the ends of the glass plate 27, and 
between them is the blank aperture 22 in the center of filter draw 21. Its cross-section is 
equal to the beam diameter x in the aperture diaphragm 5 of the illumination beam path. 
5 Filter draw 21 can be continuously shifted by positioning means (not shown) 
longitudinally in both directions parallel to the aperture diaphragm plane 24. The 
movement is indicated by a double arrow. 

[0035] Short-pass filter 28 and long-pass filter 29 are each applied in this version as a 
connected vapor-deposition layer. The transmission of the two filters 28, 29 is largest 
10 right next to blank aperture 22 and gets smaller as the distance from blank aperture 22 
increases. To this end next to blank aperture 22 filter draw 21 is not completely covered 
with filters 28, 29, but rather the portion of the filter area increases as one moves from 
blank aperture 22 toward the end of filter draw 21. 

[0036] Thus, the vapor-deposition layers on the ends of filter draw 21 form a 
1 5 rectangle with a minimum edge length equal to the beam diameter x. If this vapor- 
deposited rectangular area completely covers the illumination beam path, the smallest 
percentile is thus set and the accompanying excitation band is completely attenuated, i.e., 
to the zero value. The vapor-deposited rectangular area borders the base of vapor- 
deposited triangular area, whose opposing corner faces blank aperture 22. 
20 [0037] Via the vapor-deposited triangular areas, which always cover the beam 

diameter only partially, the transmission factor of short-pass filter 28 and long-pass filter 
29 in each case diminishes as one moves from blank aperture 22 toward the ends of filter 
draw 21. By inserting any fractional area of short-pass filter 28 or of long-pass filter 29, 
any desired transmission factor of the filter 28, 29 in the illumination beam path can be 
25 realized and thus one or the other excitation band can be weakened or faded out according 
to preference. 

[0038] A filter draw 21 for a multiband fluorescence microscope according to the 
invention having two excitation bands A and D is likewise depicted in Figure 2b. 
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Applied to a rectangular glass plate 27 are a short-pass filter 28 for filtering the long- 
wave excitation band A and a long-pass filter 29 for filtering the short-wave excitation 
band D as different vapor-deposition layers. 

[0039] Here, as in Figure 2a, the vapor-deposition layers in the direction of blank 
5 aperture 22 have a triangular contour. However, the triangles in this case are each not 
vapor-deposited as connected areas, but rather as small area elements 30 of equal size. In 
this way a longer adjustment range with higher transmissions is achieved for the two 
filters 28, 29. At the ends of filter draw 21, the vapor-deposition layers form a rectangle 
having a minimum edge length equal to the beam diameter x and thus a region of the least 

1 0 transmission with which the assigned excitation band can be attenuated to zero. 

[0040] Another filter draw 21 for a multiband fluorescence microscope according to 
the invention having two excitation bands A and D is depicted in Figure 2c. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 

1 5 vapor-deposition layers. Located between them is a blank aperture 22. 

[0041] The filters 28, 29 are vapor-deposited in this version of filter draw 21 next to 
blank aperture 22 as separate area elements 30 formed in any way desired (here circular). 
[0042] In this context, the size of area elements 30 and thus the portion of the area of 
filter draw 21 increases when moving from blank aperture 22 to the ends of filter draw 

20 21. The transmission factor of filters 28, 29 is largest next to blank aperture 22 and 

diminishes when moving in the direction toward the ends of filter draw 21 . On both ends 
of filter draw 21, each of the two filters 28, 29 have a completely vapor-deposited area 
with the smallest transmission factor, said area having at least the diameter x of the beam 
path. 

25 [0043] Another filter draw 21 for a multiband fluorescence microscope according to 
the invention having two excitation bands A and D is depicted in Figure 2d. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
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band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 
vapor-deposition layers. Located between them is a blank aperture 22. 
[0044] In this embodiment the vapor-deposition layers are applied as strip-shaped 
area elements 30, the width of the strips increasing as one moves from the center to the 
5 ends of filter draw 21 . In this way the transmission diminishes as one moves from the 
blank aperture 22 toward the ends of filter draw 21 . Also here the two filters 28, 29 each 
have a completely vapor-deposited surface with the lowest possible transmission factor at 
both ends of filter draw 21, said surface having at least the diameter x of the beam path. 
[0045] The spectral transmission curves of the short-wave excitation band A and the 

10 long-wave excitation band D, as well as the transmission curves T A , T D of the associated 
selective filter, thus the long-pass filter for the short-wave excitation band A and the 
short-pass filter for the long-wave excitation band D, are depicted in Figure 2e as a 
function of the light wavelength A,. Filters A and B are selected so that they only 
selectively filter out the associated excitation band for each but allow the remaining 

1 5 wavelength ranges to pass through unhindered. 

[0046] Figure 3 a shows a rectangular filter draw 21 of a two-piece filter draw 
assembly 20 for a multiband fluorescence microscope having three excitation bands A, B, 
D. In this embodiment filter draw assembly 20 consists of two rectangular filter draws 21 
identical to said bands that are tightly inserted in the illumination beam path one behind 

20 the other next to the aperture diaphragm plane 24. 

[0047] Provided in the center of filter draw 21 is the blank aperture 22 having 
diameter x of illumination beam path 2. Applied as vapor-deposition layers on the two 
ends of filter draw 21 are two different combinations of two or three selective filters 28, 
29, 31 for excitation bands A, B, D. The two filters 28, 31 or 29, 31 on one end are in 

25 each case arranged next to one another so that both filters border each other and blank 
aperture 22. In this context each filter 28, 29, 3 1 has an area of least transmission having 
at least the diameter x of illumination beam path 2. As a result filter draw 21 has at least 
a width of 2x on its short end. 
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[0048] The transmission factor of filters 28, 29, 31 diminishes as one moves in the 
longitudinal direction of filter draw 21, thus in the direction of shift from blank aperture 
22 toward the ends. This is realized in the example represented here in that the vapor- 
deposited surface of each filter 28, 29, 31 increases as one moves from blank aperture 22 
5 toward the end of filter draw 2 1 . 

[0049] Separate positioning means 25 for shifting filter draw 21 parallel to aperture 
diaphragm plane 24 in both the longitudinal and transverse directions are provided for 
each of the two identical shifters 21 of the filter draw assembly. As a result it is possible 
to insert filters 28, 29, 31, individually or in combination, completely or with only a 

1 0 portion of their surface in the illumination beam path. 

[0050] Figure 3b shows a circular filter draw 21 of a two-piece filter draw assembly 
20 for a multiband fluorescence microscope according to the invention having three 
excitation bands A, B, D. In this advantageous embodiment of the multiband 
fluorescence microscope according to the invention, filter draw assembly 20 consists of 

1 5 two circular filter draws 21 identical to said bands that are tightly inserted in the 

illumination beam path one behind the other next to the aperture diaphragm plane 24. 
Provided in the center of each filter draw 21 is blank aperture 22. Three selective filters 
28, 29, 31 for excitation bands A, B, D are arranged bordering said opening as vapor- 
deposited ring sectors that border each other. 

20 [0051] Filters 28, 29, 3 1 each possess a transmission factor that decreases as radius 
increases and is largest next to blank aperture 22. This is accomplished, for example, by 
virtue of filters 28, 29, 31 not being fully vapor-deposited, instead, vapor-deposited area 
elements 30 that get wider as they extend radially and that have non-vapor-deposited 
surface regions are applied in between them next to blank aperture 22 so that the portion 

25 of vapor-deposited surface of each filter 28, 29, 3 1 increases as the radius increases. 

[0052] Using separate positioning means (not shown here), each of the two identical 
filter draws 21 of filter draw assembly 20 can be shifted individually and parallel to 
aperture diaphragm plane 24. In this case it can either be laterally shifted in one direction 
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and also rotated (as indicated in Figure 3b) or, alternatively, shifted within a plane in two 
directions. As a result any desired fractional area of filter draw 21 , for example blank 
aperture 22 or one of the filters 28, 29, 31 having the desired transmission factor, can be 
inserted in the illumination beam path. By arranging two equal filter draws 21 in the 
5 illumination beam path, any two of the three filters 28, 29 3 1 can be inserted 

simultaneously in the illumination beam path so that two of the three excitation bands can 
be simultaneously weakened to the predetermined setpoint values or completely faded 
out. 

[0053] Figure 3c shows an especially advantageous embodiment of a filter draw 2 1 
10 for a two-piece filter draw assembly 20 of a multiband fluorescence microscope 

according to the invention having three excitation bands A, B, D. In this embodiment of 
the multiband fluorescence microscope, filter draw assembly 20 consists of two circular 
filter draws 21 identical to said bands that are inserted in the illumination beam path 
tightly in succession next to aperture diaphragm plane 24. 
1 5 [0054] The filters 28, 29, 3 1 for the excitation bands A, B, D are advantageously 
arranged on the filter draw 21 such that it only has to be turned but not shifted (rotary 
movement is indicated). This simplifies the structure of the mechanical or even 
motorized positioning means, which are separately assigned to each of the two filter 
draws 21 (not shown). 

20 [0055] In order to accomplish this, each filter draw 21 is designed with a circular 
shape, divided into six sectors and arranged pivoted around its center. The center of the 
circle lies outside the illumination beam path. Each sector can be turned by rotating filter 
draw 21 into the illumination beam path and cover it completely. The beam cross section 
with the diameter x is inscribed. 

25 [0056] Each second sector is a blank aperture 22. Applied, for example glued on or 
vapor-deposited, in between each is one of the three filters 28, 29, 31 for the three 
excitation bands A, B, D. Each filter 28, 29, 31 exhibits an increase of the transmission 
factor inside its sector in one of the two directions of rotation, for example via different 
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surface coverage with vapor-deposited area elements. As a result each filter 28, 29, 31 
has next to the one neighboring blank aperture 22 a maximum transmission factor and 
next to the other neighboring blank aperture 22 a minimum transmission factor. By 
rotating the filter draw 21, one of the blank apertures 22 or one of the filters 28, 29, 31 
5 with the desired transmission or a combination of the two can be inserted in the 

illumination beam path. The use of two identical filter draws 21 as a filter draw assembly 
makes it possible to attenuate up to two of the three excitations bands A, B, D 
simultaneously and independently of each other to the desired setpoint value. 
[0057] Figure 3d shows the spectral transmission curves of the short-wave excitation 
10 band A, of the long-wave excitation band D and an intermediate excitation band B as a 
function of the light wavelength X. 

[0058] Furthermore, the transmission curves T A , T B , T D of the accompanying 
selective filters are depicted, thus the long-pass filter for the short-wave excitation band 
A, of the short-pass filter for the long-wave excitation band D and a selective filter for the 
1 5 excitation band B. The filters are selected so that they only selectively filter out the 
associated excitation band, but the remaining wavelength ranges pass through 
unhindered. 

[0059] Figure 4a shows a circular filter draw 21 for a three-part filter draw assembly 
20 of a multiband fluorescence microscope according to the invention having four 

20 excitation bands A, B, C, D. In this embodiment of the multiband fluorescence 

microscope according to the invention, filter draw assembly 20 consists of three circular 
filter draws identical to said bands that are tightly inserted in the illumination beam path 
one behind the other next to the aperture diaphragm plane 24. Each filter draw 21 has a 
blank aperture 22 in the center. In addition four selective filters 28, 29, 31, 32 for the 

25 excitation bands A, B, C, D, are vapor deposited as ring sectors that border each other. 
[0060] The transmission factor of the filters 28, 29, 3 1, 32 diminishes as the radius 
increases and is largest next to the blank aperture 22. This is achieved, for example, by 
vapor-depositing the filters 28, 29, 31, 32 not completely, but as ring-shaped area 
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elements 30 with non-vapor-deposited areas with vapor-deposition between them, 
whereby the portion of the vapor-deposited area of each filter 28, 29, 3 1 , 32 increases as 
the radius increases. 

[0061] Separate positioning means (not shown) are assigned to each of the three filter 
5 draws 21 of filter draw assembly 20. Using these positioning means, each filter draw 21 
can be moved individually and parallel to aperture diaphragm plane 24. In this case it can 
be shifted laterally in one direction and also rotated (as indicated in Figure 4a) or 
alternatively shifted in two directions within one plane. 

[0062] As a result, any fractional area of filter draw 21 , thus the blank aperture 22 or 
10 any fractional area filters 28, 29, 31, 32, can be inserted in the illumination beam path. 
By arranging three equal filter draws 21 in the illumination beam path, any three of the 
four filters 28, 29, 31, 32 can be simultaneously inserted in the illumination beam path. 
As a result up to three of the four excitation bands A, B, C, D can be weakened to the 
predetermined setpoint value or even faded out completely. 
1 5 [0063] Figure 4b shows an especially advantageous embodiment of a filter draw 2 1 
for a three-part filter draw assembly 20 for a multiband fluorescence microscope 
according to the invention having four excitation bands A, B, C, D. In this embodiment 
of the multiband fluorescence microscope according to the invention, filter draw 
assembly 20 consists of three circular filter draws 21 identical to said bands and are 
20 inserted in the illumination beam path tightly in succession next to aperture diaphragm 
plane 24. 

[0064] The filters 28, 29, 3 1 , 32 for the excitation bands A, B, C, D are arranged on 
the filter draw 21 such that it only has to be rotated, but does not have to be moved 
(rotating movement is indicated). That simplifies the design of the mechanical or even 
25 motorized positioning means that are separately assigned to each of the three filter draws 
21 (not shown). 

[0065] This is achieved by virtue of each filter draw 21 being designed with a circular 
shape, divided into eight sectors and mounted pivoted around its center. The center of the 

16 
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circle is outside the illumination beam path. By rotating the filter draw 21, each sector 
can be brought to totally or partially cover the illumination beam path. The beam cross 
section with the diameter x is inscribed. 

[0066] Every second sector is a blank aperture 22. In between them one of the four 
5 filters 28, 29, 31, 32 is applied, e.g., glued or vapor-deposited, for the three [sic] 
excitation bands A, B, C, D. Each filter 28, 29, 31, 32 exhibits an increase of the 
transmission factor inside its sector in one of the two directions of rotation, for example, 
via different area coverage. As a result each filter 28, 29, 31, 32 has a maximum 
transmission factor next to the one neighboring blank aperture 22 and a minimum 

1 0 transmission factor next to the other neighboring blank aperture 22. 

[0067] By rotating filter draw 21, one of blank apertures 22 or one of filters 28, 29, 
31, 32 having the desired transmission of a combination of both can be inserted in the 
illumination beam path. By using three filter draws 21, up to three of the four excitation 
bands A, B, C, D can be attenuated to the desired setpoint value simultaneously and 

1 5 independently of one another. 

[0068] In Figure 4c, the spectral transmission curves of the short-wave excitation 
band A, of the long-wave excitation wave excitation band D and of the two excitation 
bands B and C between them are represented as a function of the light wavelength X. 
Furthermore, the transmission curves T A , T B , T c , T D are specified for the associated 

20 selective filter, thus the long-pass filter for the short-wave excitation band A, the short- 
pass filter for the long-wave excitation band D, a selective filter for the excitation band B 
and a selective filter for the excitation band C. Filters A, B, C, D are selected so that they 
only selectively filter out the particular associated excitation band, but the remaining 
wavelength ranges pass through unhindered. 

25 [0069] For more than four excitation bands, the filter draw assembly 20 must be 
expanded accordingly. However, it is becoming increasingly difficult to place the 
individual filters close enough next to aperture diaphragm 5. 
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28 Short-pass filter for the long-wave excitation band D (k 4 ) 

29 Long-pass filter for the short-wave excitation band A (X x ) 

30 Area element(s) 

3 1 Subtractive filter for excitation B(A, 2 ) 
5 32 Subtractive filter for excitation C(X 3 ) 

x Beam diameter in the aperture diaphragm plane 24 
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Express Mail Label No. EL WZ^l 33? US LWEP:103„US_ 
Substitute Specification - Marked Version 

TITLE OF THE INVENTION 
Method for the Individual Adaptation of Excitation Intensities in a Multiband 
Fluorescence Microscope and a Multiband Fluorescence Microscope for Carrying Out 

Said Method 

5 

CROSS REFERENCE TO RELATED APPLICATIONS 
[00011 The present application is the U.S. national phase under 35 U.S.C. 371 of 
International Application No. PCT/DE99/03768 filed November 27. 1999 claiming 
priority of German Patent Application No. 198 58 206.4 filed December 17. 1998. 

10 

FIELD OF THE INVENTION 
[00021 The invention relates to a method for the individual adaptation of excitation 
intensities in a multiband fluorescence microscope and a multiband fluorescence 
microscope to execute the method corresponding to the features of the introductory clause 
1 5 of the independent claims. 

BACKGROUND OF THE INVENTION 
[00031 With the multiband fluorescence microscope, the user frequently confronts the 
problem that the different fluorescence bands in the microscopic image have varying 

20 intensities and are not uniformly visible. The cause lies frequently in the difference in 
excitation intensities in the illumination beam path or even in the varying blockage of the 
fluorescence intensities by a barrier filter in the imaging beam path. Also, different 
concentrations of the fluorescence die for the different excitation bands, even when 
staining the objects to be considered, or the progressive bleaching of the dye, the so- 

25 called fading, lead to differing intensities of the fluorescence bands in the microscopic 
image. The different intensities of the fluorescence bands prove to be especially 
problematic then if the microscopic image is to be photographically recorded. Then the 

1 



LWEP:103JJS_ 

portion of the fluorescent light of weak intensity on the photo is too weakly reproduced or 
is not visible at all. Only with intensities of the fluorescence bands that are as uniform as 
possible can there be defect-free photos of the microscopic image. 
[0004] US Patent 5,371,624 specifies a fluorescence microscope having only two 
5 excitation bands in which the intensities of the two excitation bands can be intermittently 
affected. It includes an illumination beam path having a light source and an excitation 
filter that produces several excitation bands of varying light wavelengths from the light of 
the light source. Furthermore, it has a splitter mirror, an output filter (also designated as a 
barrier filter or emission filter) for the fluorescent light and a filter element for affecting 

1 0 the intensities of the excitation bands. 

[00051 The filter element can, by tilting continuously with respect to the optical axis, 
be switched between two limit positions having two fixed, predetermined values of the 
transmission factors of one or the other excitation band. In the one limit position, only 
the first excitation band is attenuated, in the other limit position only the second 

1 5 excitation band is attenuated and between the two limit positions, neither of the excitation 
bands is attenuated. A drop in the transmission factor of the particular excitation band is 
only possible up to the fixed, predetermined value. However, variation between a 
maximum transmission and a zero value, i.e., up to full suppression of one of the two 
excitation bands, is not possible. Moreover, only two excitation bands can be affected. 

20 

SUMMARY OF THE INVENTION 
[0006] It is object of the present invention to specify a method for individual 
adaptation of excitation intensities in a multiband fluorescence microscope and a 
multiband fluorescence microscope to execute the method, in which one or more of the 
25 excitation bands can be partially or completely filtered out. For this purpose the 

transmission factor for each excitation band is to be continuously adjustable using simple 
means. 
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r00071 This objective is met by the invention via the characterizing features of the 
independent claims. Advantageous embodiments arise from the features of the dependent 
claims. 

f00081 The method of the invention starts from a known multiband fluorescence 
5 microscope in which several excitation bands of varying wavelengths are produced using 
an excitation filter in an illumination beam path from the light of a light source. The 
excitation bands illuminate a fluorescence object prepared using fluorescence dyes and 
are converted by it into frequency-shifted fluorescence bands. 
[0009] According to the invention, the fluorescence intensities of the individual 
1 0 fluorescence bands are first determined in the microscopic image and compared to 

previously set intensity setpoint values. The fluorescence intensities can be determined, 
for example, either visually or by using an intensity meter. This can consist for example 
of a video or CCD camera having an image analysis system connected in an outgoing 
circuit. 

1 5 [0010] In this context a different intensity setpoint value can be set for each 

fluorescence band. However, in practice, the setpoint values are oriented toward concrete 
problems posed by the microscope user. If, for example, the microscopic image is to be 
documented either photographically or by video camera, and thus each fluorescence band 
in the photo or in the video image is to be reproduced with equal brightness, then the 

20 level of the setpoint values depends on the spectral sensitivity of the film or the camera. 
Therefore, their spectral sensitivity must be taken into consideration in the determination 
of setpoint values for the various excitation bands. 

rOOlll Therefore, the desired setpoint values must all be equal - and in particular 
equal to the lowest fluorescence intensity - provided that the film or the camera 
25 reproduces all spectral colors with equal intensity. However, if the spectral sensitivity of 
the video camera or of the film is not constant, then correspondingly varying setpoint 
values must be set for the different fluorescence bands in order to be able to reproduce the 
fluorescence bands with equal brightness. 
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f 001 21 On the other hand, if specific fluorescence bands do not appear on the photo 
or the video image, and thus are masked out, then the setpoint values for said bands must 
be equal to zero. In this context, it proves to be beneficial if the setpoint values are equal 
to the lowest of their intensities also for the fluorescence bands that are not masked out. 
5 Then these fluorescence bands all appear equally bright. 

r00131 For each excitation band that is assigned to a fluorescence intensity deviating 
from the setpoint values, a selective filter according to the present invention tuned to the 
pertinent excitation band is brought into the illumination beam path. Its spectral 
transmission curve is configured so that exclusively the intensity of the pertinent 

10 excitation band is reduced, but the remaining spectral regions pass through unhindered. 
[00141 In a multiband fluorescence microscope according to the invention for 
executing the method according to the invention, a filter draw assembly made of a 
multiplicity of individually movable filter draws is perpendicularly inserted in the 
illumination beam path tightly next to the aperture diaphragm plane. 

1 5 100151 The structure of the filter draw is a function of the number of the different 

excitation bands of the multiband fluorescence microscope. For a number of n excitation 
bands, each filter draw has n selective filters harmonized to the excitation bands and 
having surface regions with high and low transmission factors. 

[00161 The different transmission factors are achieved by virtue of the fact that only 
20 certain area portions of the beam cross-section are occupied using separate filter-area 

elements. In this context as even a surface coverage of the beam cross-section as possible 
is sought so that no unilateral shading, and thus also no unilateral illumination of the 
pupils, is made. As a result a crooked illumination, and thus a lateral migration of the 
picture elements, is prevented during focusing. 
25 [00171 It must be possible to insert the filters in the illumination beam path 

independently of each other individually or in combination using the desired surface 
region or the desired transmission. In this context, it must be possible with n excitation 
bands to combine a maximum of n-1 filters with each other, i.e. simultaneously insert 
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them in the illumination beam path. This is sufficient since all excitation bands must 
never be attenuated simultaneously, because as a rule an excitation band supplies the 
intensity setpoint value and remains unchanged. Likewise, all excitation bands must not 
be triggered simultaneously, since this is equivalent to turning off the lighting. 
5 [0018] In order to achieve the required combinations from n-1 filters, n-1 individually 
movable filter draws that are situated tightly parallel next to the aperture diaphragm plane 
with little distance between them and are effectual in combination are arranged in an 
advantageous embodiment of a multiband fluorescence microscope according to the 
invention having n excitation bands on n-1 disk planes. With each filter draw, one filter 
10 for an excitation band can be suitably adjusted so that altogether a maximum of n-1 
excitation bands (one less than the maximum number) can be selectively attenuated or 
triggered. 

[00191 For two excitation bands, it is sufficient if the two required filters are arranged 
in a single disk plane (n-l=l), since either only the one or only the other filter must be 

1 5 inserted in the illumination beam path. Therefore, a filter draw assembly to affect two 
excitation bands is preferably of one piece, thus designed with only one filter draw. 
However, for more than two excitation bands, a corresponding multi-piece filter draw 
assembly must be provided with n-1 individually movable filter draws. 
[00201 Except for the selective filters for the various excitation bands, each filter 

20 draw has at least one blank aperture with the beam diameter of the illumination beam 
path. In this case a blank aperture is arranged next to each filter. Depending on the 
embodiment, the filters can also be grouped directly around a single blank aperture. The 
transmission factor of the filter diminishes in the shifting direction as the distance from 
the blank aperture increases. In this case each filter has a surface region with the lowest 

25 transmission factor and a minimum diameter equal to the beam diameter x. If this surface 
region is inserted in the illumination beam path, the associated excitation band is 
maximally attenuated, i.e., to the zero value. 
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[0021] By correctly positioning each of the individual filters in the illumination beam 
path, the transmission factor that is acting on the illumination beam path is precisely 
individually adjusted such that by attenuating the excitation band assigned to the filter, 
the resulting fluorescence intensity matches its intensity setpoint value. To execute this 
5 process step, separate positioning means, which bring about the full or partial covering of 
the illumination beam path using the appropriate surface region of the filter draw, are 
assigned to each filter draw. Thus, the blank aperture or one or more of the filters or 
combinations of filter regions and the blank aperture can be inserted in the illumination 
beam path, according to preference. If this last process step was executed for all filters 

10 and thus all excitation bands, all fluorescence intensities match their setpoint values. 
[0022] Even after optimal setting of the fluorescence intensities by applying the 
method according to the invention using a specified multiband fluorescence microscope, 
deviations of the fluorescence intensities from the setpoint values reoccur after some 
time. This is attributable to the fact that the various fluorescence dyes for the various 

15 excitation bands fade a differing rates, i.e., they exhibit a specific fading. 

r0023] Therefore, in one advantageous embodiment of the method, the time changes 
of the fluorescence intensities are continuously determined. The transmission factors of 
the filter that are in effect within the illumination beam path are then repeatedly adjusted 
at specific time intervals so that the fluorescence intensities are always brought into 

20 accord with their setpoint values. 

[0024] An especially advantageous embodiment of the method provides for an 
automatic fading compensation. For this purpose the time modifications of the 
fluorescence intensities are automatically continually determined. To do this the 
microscopic image, for example, can be automatically continually recorded using a video 

25 camera and the fluorescence intensities contained therein can be determined using an 
image analysis system and compared to the predetermined setpoint values. 
[00251 Then the transmission factors of the filter are automatically continuously 
modified and adapted so that the fluorescence intensities are always kept at the intensity 
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setpoint values. To this end, motorized positioning means, for example, can be used. 
The drive of the motors and regulation of the fluorescence intensities in relation to the 
setpoint values can be achieved using an electronic unit and a computer to which the 
signals of the video camera or the image analysis system are fed. 

5 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00261 The invention is explained in more detail below with respect to the schematic 
drawing. Shown are: 

Figure 1 a beam path of a multiband fluorescence microscope according to the 
10 invention; 

Figure 2a-d various embodiments of a filter draw for a dual-band fluorescence 
microscope; 

Figure 2e the spectral transmission curve of the excitation bands and the assigned 
filter of a filter draw for a dual-band fluorescence microscope; 
1 5 Figure 3a-c various embodiments of a filter draw for a two-piece filter draw assembly 
of a three-band fluorescence microscope; 
Figure 3d the spectral transmission curve of the excitation bands and the assigned 

filter of a filter draw for a three-band fluorescence microscope; 
Figure 4a-b various embodiments of a filter draw for a three-part filter draw assembly 
20 of a four-band fluorescence microscope; 

Figure 4c the spectral transmission curve of the excitation bands and the assigned 
filter of a filter draw for a four-band fluorescence microscope. 



DETAILED DESCRIPTION OF THE INVENTION 
25 [00271 Figure 1 shows a beam path of a multiband fluorescence microscope for 

executing the method according to the invention. From a light source 1 an illumination 
beam path starts with an optical axis 2 in which a collector 3, a first lens member 4, an 
aperture diaphragm 5, a second lens member 6, a radiant field stop 7, a third lens member 
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8 and a excitation filter 9 are arranged in succession to produce the excitation bands. The 
illumination beam path is deflected at a beam splitter 10 to an objective 1 1 . It passes 
through the objective 1 1 and reaches a fluorescence object 12, which rests on a specimen 
stage 13. 

5 [00281 The excitation bands produced by excitation filter 9 in the illumination beam 
path are converted into fluorescence bands 12 by fluorescence dyes that were injected in 
fluorescence object 12, and said bands are emitted by the fluorescence object in a 
frequency-shifted state. This fluorescence light passes through objective 11, beam 
splitter 10, an output filter 14, a tube lens 15 and reaches an intermediate image plane 16. 

10 The intermediate image produced here can be considered by microscope user using an 
eyepiece 17. The intermediate image is displayed via a TV output on a video camera 1 8 
having an image analysis system 19 connected in series. With this design the 
fluorescence intensities of the individual fluorescence bands in the microscopic image 
can be determined either visually using eyepiece 17 or using image analysis system 19 

1 5 and then compared to intensity setpoint values greater than or equal to zero. 

[00291 To attenuate the excitation bands, a filter draw assembly 20 according to the 
invention, consisting in this example of two filter draws 21a and 21b, is inserted 
perpendicular to the optical axis 2 of the illumination beam path tightly next to, i.e., 
behind or in front of aperture diaphragm plane 24. Arranged on each filter draw 21a, 21b 

20 are a blank aperture 22 and in addition several selective filters 23 tuned to the excitation 
bands. By arranging filter draws 21a, 21b as narrowly as possible, filters 23 can be 
situated as tightly as possible next to aperture diaphragm plane 24. This ensures that the 
inserted filter draws 21a, 21b are not visible in the image. A further advantage is that in 
this case the least possible beam fanning occurs, so that the surface region of filter 23 can 

25 be kept as small as possible. 

[00301 According to the present invention, positioning means are assigned to each 
filter draw. In this context positioning means having the possibility of manual 
adjustability can be used in economic embodiments. Although motorized positioning 

8 
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means are more expensive, they permit an automation of the method according to the 
invention. 

[0031] In the embodiment illustrated here, two motors 25a, 25b that can shift parallel 
to the aperture diaphragm plane and/or rotate filter draws 21a, 21b are arranged as 
5 positioning means for filter draws 21a, 21b. Using the motors 25a, 25b either the blank 
aperture 22 or a selective filter 23 or a combination of the two can be inserted in the 
illumination beam path by the particular assigned filter draw 21a or 21b. The motors 25a, 
25b are driven by control electronics 26, which receive the input signal from the image 
analysis system 19. 

10 [00321 The image analysis system 19 determines from the camera signal the deviation 
of the fluorescence intensities from their setpoint values. Then those excitation bands 
that cause the deviations from setpoint values are determined and one of the filter draws 
21a, 21b is assigned to each of these excitation bands for attenuation. In the illustrated 
example, two excitation bands can thus be completely attenuated, i.e. to the zero value, or 

15 even partially attenuated. For each filter draw 21a, 21b a drive signal is produced for the 
associated motor 25a, 25b. Each filter draw 21a, 21b is continuously shifted via the 
associated motor 25a, 25b so that a filter 23 selectively acting on the assigned excitation 
band is inserted in the illumination beam path. Then the filter draw 21a or 21b is shifted 
further until a surface region of the inserted filter 23 has a transmission factor in the 

20 illumination beam path through which the assigned excitation band is attenuated to the 
intensity setpoint value. In this way, all excitation bands are set to their intensity setpoint 
values. 

[00331 Different embodiments of filter draw assembly 20 or the filter draw 21 and the 
associated spectral transmission curves of the filters arranged on them are explained 
25 below. 

[00341 A filter draw 21 for a multiband fluorescence microscope having two 
excitation bands A and D is depicted in Figure 2a. Applied to a rectangular glass plate 27 
as different vapor deposition layers are a long-pass filter 29 for the intensity reduction of 
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the short-wave excitation band A and a short-pass filter 28 for the intensity reduction of 
the long-wave excitation band D. They are located on the ends of the glass plate 27, and 
between them is the blank aperture 22 in the center of filter draw 21 . Its cross-section is 
equal to the beam diameter x in the aperture diaphragm 5 of the illumination beam path. 
5 Filter draw 21 can be continuously shifted by positioning means (not shown) 
longitudinally in both directions parallel to the aperture diaphragm plane 24. The 
movement is indicated by a double arrow. 

[0035] Short-pass filter 28 and long-pass filter 29 are each applied in this version as a 
connected vapor-deposition layer. The transmission of the two filters 28, 29 is largest 
10 right next to blank aperture 22 and gets smaller as the distance from blank aperture 22 
increases. To this end next to blank aperture 22 filter draw 21 is not completely covered 
with filters 28, 29, but rather the portion of the filter area increases as one moves from 
blank aperture 22 toward the end of filter draw 21. 

[0036] Thus, the vapor-deposition layers on the ends of filter draw 21 form a 
1 5 rectangle with a minimum edge length equal to the beam diameter x. If this vapor- 
deposited rectangular area completely covers the illumination beam path, the smallest 
percentile is thus set and the accompanying excitation band is completely attenuated, i.e., 
to the zero value. The vapor-deposited rectangular area borders the base of vapor- 
deposited triangular area, whose opposing corner faces blank aperture 22. 
20 10037] Via the vapor-deposited triangular areas, which always cover the beam 

diameter only partially, the transmission factor of short-pass filter 28 and long-pass filter 
29 in each case diminishes as one moves from blank aperture 22 toward the ends of filter 
draw 21. By inserting any fractional area of short-pass filter 28 or of long-pass filter 29, 
any desired transmission factor of the filter 28, 29 in the illumination beam path can be 
25 realized and thus one or the other excitation band can be weakened or faded out according 
to preference. 

[00381 A filter draw 21 for a multiband fluorescence microscope according to the 
invention having two excitation bands A and D is likewise depicted in Figure 2b. 

10 
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Applied to a rectangular glass plate 27 are a short-pass filter 28 for filtering the long- 
wave excitation band A and a long-pass filter 29 for filtering the short-wave excitation 
band D as different vapor-deposition layers. 

[0039] Here, as in Figure 2a, the vapor-deposition layers in the direction of blank 
5 aperture 22 have a triangular contour. However, the triangles in this case are each not 
vapor-deposited as connected areas, but rather as small area elements 30 of equal size. In 
this way a longer adjustment range with higher transmissions is achieved for the two 
filters 28, 29. At the ends of filter draw 21, the vapor-deposition layers form a rectangle 
having a minimum edge length equal to the beam diameter x and thus a region of the least 

1 0 transmission with which the assigned excitation band can be attenuated to zero. 

[0040] Another filter draw 21 for a multiband fluorescence microscope according to 
the invention having two excitation bands A and D is depicted in Figure 2c. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 

1 5 vapor-deposition layers. Located between them is a blank aperture 22. 

[00411 The filters 28, 29 are vapor-deposited in this version of filter draw 21 next to 
blank aperture 22 as separate area elements 30 formed in any way desired (here circular). 
[0042] In this context, the size of area elements 30 and thus the portion of the area of 
filter draw 21 increases when moving from blank aperture 22 to the ends of filter draw 

20 21. The transmission factor of filters 28, 29 is largest next to blank aperture 22 and 

diminishes when moving in the direction toward the ends of filter draw 21 . On both ends 
of filter draw 21, each of the two filters 28, 29 have a completely vapor-deposited area 
with the smallest transmission factor, said area having at least the diameter x of the beam 
path. 

25 [00431 Another filter draw 21 for a multiband fluorescence microscope according to 
the invention having two excitation bands A and D is depicted in Figure 2d. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
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band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 
vapor-deposition layers. Located between them is a blank aperture 22. 
[00441 In this embodiment the vapor-deposition layers are applied as strip-shaped 
area elements 30, the width of the strips increasing as one moves from the center to the 

5 ends of filter draw 21 . In this way the transmission diminishes as one moves from the 
blank aperture 22 toward the ends of filter draw 21 . Also here the two filters 28, 29 each 
have a completely vapor-deposited surface with the lowest possible transmission factor at 
both ends of filter draw 21, said surface having at least the diameter x of the beam path. 
[0045] The spectral transmission curves of the short-wave excitation band A and the 

10 long-wave excitation band D, as well as the transmission curves T A , T D of the associated 
selective filter, thus the long-pass filter for the short-wave excitation band A and the 
short-pass filter for the long-wave excitation band D, are depicted in Figure 2e as a 
function of the light wavelength X. Filters A and B are selected so that they only 
selectively filter out the associated excitation band for each but allow the remaining 

1 5 wavelength ranges to pass through unhindered. 

[0046] Figure 3a shows a rectangular filter draw 21 of a two-piece filter draw 
assembly 20 for a multiband fluorescence microscope having three excitation bands A, B, 
D. In this embodiment filter draw assembly 20 consists of two rectangular filter draws 21 
identical to said bands that are tightly inserted in the illumination beam path one behind 

20 the other next to the aperture diaphragm plane 24. 

[0047] Provided in the center of filter draw 21 is the blank aperture 22 having 
diameter x of illumination beam path 2. Applied as vapor-deposition layers on the two 
ends of filter draw 21 are two different combinations of two or three selective filters 28, 
29, 31 for excitation bands A, B, D. The two filters 28, 31 or 29, 31 on one end are in 

25 each case arranged next to one another so that both filters border each other and blank 
aperture 22. In this context each filter 28, 29, 31 has an area of least transmission having 
at least the diameter x of illumination beam path 2. As a result filter draw 21 has at least 
a width of 2x on its short end. 
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[00481 The transmission factor of filters 28, 29, 3 1 diminishes as one moves in the 
longitudinal direction of filter draw 21, thus in the direction of shift from blank aperture 
22 toward the ends. This is realized in the example represented here in that the vapor- 
deposited surface of each filter 28, 29, 31 increases as one moves from blank aperture 22 

5 toward the end of filter draw 2 1 . 

[0049] Separate positioning means 25 for shifting filter draw 21 parallel to aperture 
diaphragm plane 24 in both the longitudinal and transverse directions are provided for 
each of the two identical shifters 21 of the filter draw assembly. As a result it is possible 
to insert filters 28, 29, 31, individually or in combination, completely or with only a 

1 0 portion of their surface in the illumination beam path. 

[0050] Figure 3b shows a circular filter draw 21 of a two-piece filter draw assembly 
20 for a multiband fluorescence microscope according to the invention having three 
excitation bands A, B, D. In this advantageous embodiment of the multiband 
fluorescence microscope according to the invention, filter draw assembly 20 consists of 

15 two circular filter draws 21 identical to said bands that are tightly inserted in the 

illumination beam path one behind the other next to the aperture diaphragm plane 24. 
Provided in the center of each filter draw 21 is blank aperture 22. Three selective filters 
28, 29, 31 for excitation bands A, B, D are arranged bordering said opening as vapor- 
deposited ring sectors that border each other. 

20 [0051] Filters 28, 29, 3 1 each possess a transmission factor that decreases as radius 
increases and is largest next to blank aperture 22. This is accomplished, for example, by 
virtue of filters 28, 29, 31 not being fully vapor-deposited. Instead, vapor-deposited area 
elements 30 that get wider as they extend radially and that have non- vapor-deposited 
surface regions are applied in between them next to blank aperture 22 so that the portion 

25 of vapor-deposited surface of each filter 28, 29, 31 increases as the radius increases. 

[00521 Using separate positioning means (not shown here), each of the two identical 
filter draws 21 of filter draw assembly 20 can be shifted individually and parallel to 
aperture diaphragm plane 24. In this case it can either be laterally shifted in one direction 
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and also rotated (as indicated in Figure 3b) or, alternatively, shifted within a plane in two 
directions. As a result any desired fractional area of filter draw 21, for example blank 
aperture 22 or one of the filters 28, 29, 31 having the desired transmission factor, can be 
inserted in the illumination beam path. By arranging two equal filter draws 21 in the 
5 illumination beam path, any two of the three filters 28, 29 31 can be inserted 

simultaneously in the illumination beam path so that two of the three excitation bands can 
be simultaneously weakened to the predetermined setpoint values or completely faded 
out. 

[00531 Figure 3c shows an especially advantageous embodiment of a filter draw 21 
10 for a two-piece filter draw assembly 20 of a multiband fluorescence microscope 

according to the invention having three excitation bands A, B, D. In this embodiment of 
the multiband fluorescence microscope, filter draw assembly 20 consists of two circular 
filter draws 21 identical to said bands that are inserted in the illumination beam path 
tightly in succession next to aperture diaphragm plane 24. 
1 5 [00541 The filters 28, 29, 3 1 for the excitation bands A, B, D are advantageously 
arranged on the filter draw 21 such that it only has to be turned but not shifted (rotary 
movement is indicated). This simplifies the structure of the mechanical or even 
motorized positioning means, which are separately assigned to each of the two filter 
draws 21 (not shown). 

20 [00551 In order to accomplish this, each filter draw 21 is designed with a circular 
shape, divided into six sectors and arranged pivoted around its center. The center of the 
circle lies outside the illumination beam path. Each sector can be turned by rotating filter 
draw 21 into the illumination beam path and cover it completely. The beam cross section 
with the diameter x is inscribed. 

25 [00561 Each second sector is a blank aperture 22. Applied, for example glued on or 
vapor-deposited, in between each is one of the three filters 28, 29, 31 for the three 
excitation bands A, B, D. Each filter 28, 29, 31 exhibits an increase of the transmission 
factor inside its sector in one of the two directions of rotation, for example via different 
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surface coverage with vapor-deposited area elements. As a result each filter 28, 29, 31 
has next to the one neighboring blank aperture 22 a maximum transmission factor and 
next to the other neighboring blank aperture 22 a minimum transmission factor. By 
rotating the filter draw 21, one of the blank apertures 22 or one of the filters 28, 29, 31 
5 with the desired transmission or a combination of the two can be inserted in the 

illumination beam path. The use of two identical filter draws 21 as a filter draw assembly 
makes it possible to attenuate up to two of the three excitations bands A, B, D 
simultaneously and independently of each other to the desired setpoint value. 
[00571 Figure 3d shows the spectral transmission curves of the short-wave excitation 
10 band A, of the long-wave excitation band D and an intermediate excitation band B as a 
function of the light wavelength L 

[00581 Furthermore, the transmission curves T A , T B , T D of the accompanying 
selective filters are depicted, thus the long-pass filter for the short-wave excitation band 
A, of the short-pass filter for the long-wave excitation band D and a selective filter for the 
1 5 excitation band B. The filters are selected so that they only selectively filter out the 
associated excitation band, but the remaining wavelength ranges pass through 
unhindered. 

[00591 Figure 4a shows a circular filter draw 21 for a three-part filter draw assembly 
20 of a multiband fluorescence microscope according to the invention having four 

20 excitation bands A, B, C, D. In this embodiment of the multiband fluorescence 

microscope according to the invention, filter draw assembly 20 consists of three circular 
filter draws identical to said bands that are tightly inserted in the illumination beam path 
one behind the other next to the aperture diaphragm plane 24. Each filter draw 21 has a 
blank aperture 22 in the center. In addition four selective filters 28, 29, 31, 32 for the 

25 excitation bands A, B, C, D, are vapor deposited as ring sectors that border each other. 
[00601 The transmission factor of the filters 28, 29, 31, 32 diminishes as the radius 
increases and is largest next to the blank aperture 22. This is achieved, for example, by 
vapor-depositing the filters 28, 29, 31, 32 not completely, but as ring-shaped area 
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elements 30 with non-vapor-deposited areas with vapor-deposition between them, 
whereby the portion of the vapor-deposited area of each filter 28, 29, 31, 32 increases as 
the radius increases. 

[00611 Separate positioning means (not shown) are assigned to each of the three filter 
5 draws 21 of filter draw assembly 20. Using these positioning means, each filter draw 21 
can be moved individually and parallel to aperture diaphragm plane 24. In this case it can 
be shifted laterally in one direction and also rotated (as indicated in Figure 4a) or 
alternatively shifted in two directions within one plane. 

[0062] As a result, any fractional area of filter draw 21 , thus the blank aperture 22 or 
10 any fractional area filters 28, 29, 31, 32, can be inserted in the illumination beam path. 
By arranging three equal filter draws 21 in the illumination beam path, any three of the 
four filters 28, 29, 31, 32 can be simultaneously inserted in the illumination beam path. 
As a result up to three of the four excitation bands A, B, C, D can be weakened to the 
predetermined setpoint value or even faded out completely. 
1 5 [00631 Figure 4b shows an especially advantageous embodiment of a filter draw 2 1 
for a three-part filter draw assembly 20 for a multiband fluorescence microscope 
according to the invention having four excitation bands A, B, C, D. In this embodiment 
of the multiband fluorescence microscope according to the invention, filter draw 
assembly 20 consists of three circular filter draws 21 identical to said bands and are 
20 inserted in the illumination beam path tightly in succession next to aperture diaphragm 
plane 24. 

[00641 The filters 28, 29, 31, 32 for the excitation bands A, B, C, D are arranged on 
the filter draw 21 such that it only has to be rotated, but does not have to be moved 
(rotating movement is indicated). That simplifies the design of the mechanical or even 
25 motorized positioning means that are separately assigned to each of the three filter draws 
21 (not shown). 

[00651 This is achieved by virtue of each filter draw 21 being designed with a circular 
shape, divided into eight sectors and mounted pivoted around its center. The center of the 

16 



LWEP:103_US_ 

circle is outside the illumination beam path. By rotating the filter draw 21, each sector 
can be brought to totally or partially cover the illumination beam path. The beam cross 
section with the diameter x is inscribed. 

[00661 Every second sector is a blank aperture 22. In between them one of the four 

5 filters 28, 29, 31, 32 is applied, e.g., glued or vapor-deposited, for the three [sic] 
excitation bands A, B, C, D. Each filter 28, 29, 31, 32 exhibits an increase of the 
transmission factor inside its sector in one of the two directions of rotation, for example, 
via different area coverage. As a result each filter 28, 29, 31, 32 has a maximum 
transmission factor next to the one neighboring blank aperture 22 and a minimum 

1 0 transmission factor next to the other neighboring blank aperture 22. 

f00671 By rotating filter draw 21, one of blank apertures 22 or one of filters 28, 29, 
31, 32 having the desired transmission of a combination of both can be inserted in the 
illumination beam path. By using three filter draws 21, up to three of the four excitation 
bands A, B, C, D can be attenuated to the desired setpoint value simultaneously and 

1 5 independently of one another. 

f0068] In Figure 4c, the spectral transmission curves of the short-wave excitation 
band A, of the long-wave excitation wave excitation band D and of the two excitation 
bands B and C between them are represented as a function of the light wavelength X. 
Furthermore, the transmission curves T A , T B , T c , T D are specified for the associated 

20 selective filter, thus the long-pass filter for the short-wave excitation band A, the short- 
pass filter for the long-wave excitation band D, a selective filter for the excitation band B 
and a selective filter for the excitation band C. Filters A, B, C, D are selected so that they 
only selectively filter out the particular associated excitation band, but the remaining 
wavelength ranges pass through unhindered. 

25 [0069] For more than four excitation bands, the filter draw assembly 20 must be 
expanded accordingly. However, it is becoming increasingly difficult to place the 
individual filters close enough next to aperture diaphragm 5. 
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Translation of International Application PCT/DE99/03768 

Method for the Individual Adaptation of Excitation Intensit ies in a Multiband 
Fluorescence Microscope and a Multiband Fluorescence Microscope for Carrying Out 

Said Method 

5 The invention relates to a method for the individual adaptation of excitation intensities in 
a multiband fluorescence microscope and a multiband fluorescence microscope to 
execute the method corresponding to the features of the introductory clause of the 
independent claims. 

1 0 With the multiband fluorescence microscope, the user frequently confronts the problem 
that the different fluorescence bands in the microscopic image have varying intensities 
and are not uniformly visible. The cause lies frequently in the difference in excitation 
intensities in the illumination beam path or even in the varying blockage of the 
fluorescence intensities by a barrier filter in the imaging beam path. Also, different 

15 concentrations of the fluorescence die for the different excitation bands, even when 
staining the objects to be considered, or the progressive bleaching of the dye, the so- 
called fading, lead to differing intensities of the fluorescence bands in the microscopic 
image. The different intensities of the fluorescence bands prove to be especially 
problematic then if the microscopic image is to be photographically recorded. Then the 

20 portion of the fluorescent light of weak intensity on the photo is too weakly reproduced or 
is not visible at alL Only with intensities of the fluorescence bands that are as uniform as 
possible can there be defect-free photos of the microscopic image. 

US Patent 5,371,624 specifies a fluorescence microscope having only two excitation 
25 bands in which the intensities of the two excitation bands can be intermittently affected. It 
includes an illumination beam path having a light source and an excitation filter that 
produces several excitation bands of varying light wavelengths from the light of the light 
source. Furthermore, it has a splitter mirror, an output filter (also designated as a barrier 
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filter or emission filter) for the fluorescent light and a filter element for affecting the 
intensities of the excitation bands. 

The filter element can, by tilting continuously with respect to the optical axis, be 
5 switched between two limit positions having two fixed, predetermined values of the 

transmission factors of one or the other excitation band. In the one limit position, only the 
first excitation band is attenuated, in the other limit position only the second excitation 
band is attenuated and between the two limit positions, neither of the excitation bands is 
attenuated. A drop in the transmission factor of the particular excitation band is only 
1 0 possible up to the fixed, predetermined value. However, variation between a maximum 
transmission and a zero value, i.e., up to full suppression of one of the two excitation 
bands, is not possible. Moreover, only two excitation bands can be affected. 

It is object of the present invention to specify a method for individual adaptation of 
1 5 excitation intensities in a multiband fluorescence microscope and a multiband 

fluorescence microscope to execute the method, in which one or more of the excitation 
bands can be partially or completely filtered out. For this purpose the transmission factor 
for each excitation band is to be continuously adjustable using simple means. 

20 This objective is met by the invention via the characterizing features of the independent 
claims. Advantageous embodiments arise from the features of the dependent claims. 

The method of the invention starts from a known multiband fluorescence microscope in 
which several excitation bands of varying wavelengths are produced using an excitation 
25 filter in an illumination beam path from the light of a light source. The excitation bands 
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illuminate a fluorescence object prepared using fluorescence dyes and are converted by it 
into frequency-shifted fluorescence bands. 

According to the invention, the fluorescence intensities of the individual fluorescence 
5 bands are first determined in the microscopic image and compared to previously set 
intensity setpoint values. The fluorescence intensities can be determined, for example, 
either visually or by using an intensity meter. This can consist for example of a video or 
CCD camera having an image analysis system connected in an outgoing circuit. 

10 In this context a different intensity setpoint value can be set for each fluorescence band. 
However, in practice, the setpoint values are oriented toward concrete problems posed by 
the microscope user. If, for example, the microscopic image is to be documented either 
photographically or by video camera, and thus each fluorescence band in the photo or in 
the video image is to be reproduced with equal brightness, then the level of the setpoint 

1 5 values depends on the spectral sensitivity of the film or the camera. Therefore, their 
spectral sensitivity must be taken into consideration in the determination of setpoint 
values for the various excitation bands. 

Therefore, the desired setpoint values must all be equal - and in particular equal to the 
20 lowest fluorescence intensity - provided that the film or the camera reproduces all 
spectral colors with equal intensity. However, if the spectral sensitivity of the video 
camera or of the film is not constant, then correspondingly varying setpoint values must 
be set for the different fluorescence bands in order to be able to reproduce the 
fluorescence bands with equal brightness. 

25 
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On the other hand, if specific fluorescence bands do not appear on the photo or the video 
image, and thus are masked out, then the setpoint values for said bands must be equal to 
zero. In this context, it proves to be beneficial if the setpoint values are equal to the 
lowest of their intensities also for the fluorescence bands that are not masked out. Then 
5 these fluorescence bands all appear equally bright. 

For each excitation band that is assigned to a fluorescence intensity deviating from the 
setpoint values, a selective filter according to the present invention tuned to the pertinent 
excitation band is brought into the illumination beam path. Its spectral transmission curve 
10 is configured so that exclusively the intensity of the pertinent excitation band is reduced, 
but the remaining spectral regions pass through unhindered. 

In a multiband fluorescence microscope according to the invention for executing the 
method according to the invention, a filter draw assembly made of a multiplicity of 
1 5 individually movable filter draws is perpendicularly inserted in the illumination beam 
path tightly next to the aperture diaphragm plane. 

The structure of the filter draw is a function of the number of the different excitation 
bands of the multiband fluorescence microscope. For a number of n excitation bands, 
20 each filter draw has n selective filters harmonized to the excitation bands and having 
surface regions with high and low transmission factors. 

The different transmission factors are achieved by virtue of the fact that only certain area 
portions of the beam cross-section are occupied using separate filter-area elements. In this 
25 context as even a surface coverage of the beam cross-section as possible is sought so that 
no unilateral shading, and thus also no unilateral illumination of the pupils, is made. As a 
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result a crooked illumination, and thus a lateral migration of the picture elements, is 
prevented during focusing. 

It must be possible to insert the filters in the illumination beam path independently of 
5 each other individually or in combination using the desired surface region or the desired 
transmission. In this context, it must be possible with n excitation bands to combine a 
maximum of n-1 filters with each other, i.e. simultaneously insert them in the 
illumination beam path. This is sufficient since all excitation bands must never be 
attenuated simultaneously, because as a rule an excitation band supplies the intensity 
1 0 setpoint value and remains unchanged. Likewise, all excitation bands must not be 
triggered simultaneously, since this is equivalent to turning off the lighting. 

In order to achieve the required combinations from n-1 filters, n-1 individually movable 
filter draws that are situated tightly parallel next to the aperture diaphragm plane with 

1 5 little distance between them and are effectual in combination are arranged in an 

advantageous embodiment of a multiband fluorescence microscope according to the 
invention having n excitation bands on n-1 disk planes. With each filter draw, one filter 
for an excitation band can be suitably adjusted so that altogether a maximum of n-1 
excitation bands (one less than the maximum number) can be selectively attenuated or 

20 triggered. 

For two excitation bands, it is sufficient if the two required filters are arranged in a single 
disk plane (n-l=l), since either only the one or only the other filter must be inserted in 
the illumination beam path. Therefore, a filter draw assembly to affect two excitation 
25 bands is preferably of one piece, thus designed with only one filter draw. However, for 
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more than two excitation bands, a corresponding multi-piece filter draw assembly must 
be provided with n-1 individually movable filter draws. 

Except for the selective filters for the various excitation bands, each filter draw has at 
5 least one blank aperture with the beam diameter of the illumination beam path. In this 
case a blank aperture is arranged next to each filter. Depending on the embodiment, the 
filters can also be grouped directly around a single blank aperture. The transmission 
factor of the filter diminishes in the shifting direction as the distance from the blank 
aperture increases. In this case each filter has a surface region with the lowest 
1 0 transmission factor and a minimum diameter equal to the beam diameter x. If this surface 
region is inserted in the illumination beam path, the associated excitation band is 
maximally attenuated, i.e., to the zero value. 

By correctly positioning each of the individual filters in the illumination beam path, the 
1 5 transmission factor that is acting on the illumination beam path is precisely individually 
adjusted such that by attenuating the excitation band assigned to the filter, the resulting 
fluorescence intensity matches its intensity setpoint value. To execute this process step, 
separate positioning means, which bring about the full or partial covering of the 
illumination beam path using the appropriate surface region of the filter draw, are 
20 assigned to each filter draw. Thus, the blank aperture or one or more of the filters or 
combinations of filter regions and the blank aperture can be inserted in the illumination 
beam path, according to preference. If this last process step was executed for all filters 
and thus all excitation bands, all fluorescence intensities match their setpoint values. 

25 Even after optimal setting of the fluorescence intensities by applying the method 
according to the invention using a specified multiband fluorescence microscope, 
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deviations of the fluorescence intensities from the setpoint values reoccur after some 
time. This is attributable to the fact that the various fluorescence dyes for the various 
excitation bands fade a differing rates, i.e., they exhibit a specific fading. 

5 Therefore, in one advantageous embodiment of the method, the time changes of the 
fluorescence intensities are continuously determined. The transmission factors of the 
filter that are in effect within the illumination beam path are then repeatedly adjusted at 
specific time intervals so that the fluorescence intensities are always brought into accord 
with their setpoint values. 

10 

An especially advantageous embodiment of the method provides for an automatic fading 
compensation. For this purpose the time modifications of the fluorescence intensities are 
automatically continually determined. To do this the microscopic image, for example, can 
be automatically continually recorded using a video camera and the fluorescence 
1 5 intensities contained therein can be determined using an image analysis system and 
compared to the predetermined setpoint values. 

Then the transmission factors of the filter are automatically continuously modified and 
adapted so that the fluorescence intensities are always kept at the intensity setpoint 
20 values. To this end, motorized positioning means, for example, can be used. The drive of 
the motors and regulation of the fluorescence intensities in relation to the setpoint values 
can be achieved using an electronic unit and a computer to which the signals of the video 
camera or the image analysis system are fed. 

25 The invention is explained in more detail below with respect to the schematic drawing. 
Shown are: 
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Figure 1 a beam path of a multiband fluorescence microscope according to the 
invention; 

5 Figure 2a-d various embodiments of a filter draw for a dual-band fluorescence 

microscope; 

Figure 2e the spectral transmission curve of the excitation bands and the assigned 
filter of a filter draw for a dual-band fluorescence microscope; 

10 

Figure 3a-c various embodiments of a filter draw for a two-piece filter draw assembly 
of a three-band fluorescence microscope; 

Figure 3d the spectral transmission curve of the excitation bands and the assigned 
1 5 filter of a filter draw for a three-band fluorescence microscope; 

Figure 4a-b various embodiments of a filter draw for a three-part filter draw assembly 
of a four-band fluorescence microscope; 

20 Figure 4c the spectral transmission curve of the excitation bands and the assigned 
filter of a filter draw for a four-band fluorescence microscope. 

Figure 1 shows a beam path of a multiband fluorescence microscope for executing the 
method according to the invention. From a light source 1 an illumination beam path starts 
25 with an optical axis 2 in which a collector 3, a first lens member 4, an aperture diaphragm 
5, a second lens member 6, a radiant field stop 7, a third lens member 8 and a excitation 
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filter 9 are arranged in succession to produce the excitation bands. The illumination beam 
path is deflected at a beam splitter 10 to an objective 1 1 . It passes through the objective 
1 1 and reaches a fluorescence object 12, which rests on a specimen stage 13. 

5 The excitation bands produced by excitation filter 9 in the illumination beam path are 
converted into fluorescence bands 12 by fluorescence dyes that were injected in 
fluorescence object 12, and said bands are emitted by the fluorescence object in a 
frequency-shifted state. This fluorescence light passes through objective 1 1, beam splitter 
10, an output filter 14, a tube lens 15 and reaches an intermediate image plane 16. The 

10 intermediate image produced here can be considered by microscope user using an 

eyepiece 17. The intermediate image is displayed via a TV output on a video camera 18 
having an image analysis system 19 connected in series. With this design the fluorescence 
intensities of the individual fluorescence bands in the microscopic image can be 
determined either visually using eyepiece 17 or using image analysis system 19 and then 

15 compared to intensity setpoint values greater than or equal to zero. 

To attenuate the excitation bands, a filter draw assembly 20 according to the invention, 
consisting in this example of two filter draws 21a and 21b, is inserted perpendicular to 
the optical axis 2 of the illumination beam path tightly next to, i.e., behind or in front of 

20 aperture diaphragm plane 24. Arranged on each filter draw 21a, 21b are a blank aperture 
22 and in addition several selective filters 23 tuned to the excitation bands. By arranging 
filter draws 21a, 21b as narrowly as possible, filters 23 can be situated as tightly as 
possible next to aperture diaphragm plane 24. This ensures that the inserted filter draws 
21a, 21b are not visible in the image. A further advantage is that in this case the least 

25 possible beam fanning occurs, so that the surface region of filter 23 can be kept as small 
as possible. 
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According to the present invention, positioning means are assigned to each filter draw. In 
this context positioning means having the possibility of manual adjustability can be used 
in economic embodiments. Although motorized positioning means are more expensive, 
5 they permit an automation of the method according to the invention. 

In the embodiment illustrated here, two motors 25a, 25b that can shift parallel to the 
aperture diaphragm plane and/or rotate filter draws 21a, 21b are arranged as positioning 
means for filter draws 21a, 21b. Using the motors 25a, 25b either the blank aperture 22 or 
1 0 a selective filter 23 or a combination of the two can be inserted in the illumination beam 
path by the particular assigned filter draw 21a or 21b. The motors 25a, 25b are driven by 
control electronics 26, which receive the input signal from the image analysis system 19. 

The image analysis system 19 determines from the camera signal the deviation of the 
1 5 fluorescence intensities from their setpoint values. Then those excitation bands that cause 
the deviations from setpoint values are determined and one of the filter draws 21a, 21b is 
assigned to each of these excitation bands for attenuation. In the illustrated example, two 
excitation bands can thus be completely attenuated, i.e. to the zero value, or even partially 
attenuated. For each filter draw 21a, 21b a drive signal is produced for the associated 
20 motor 25a, 25b. Each filter draw 21 a, 2 lb is continuously shifted via the associated motor 
25a, 25b so that a filter 23 selectively acting on the assigned excitation band is inserted in 
the illumination beam path. Then the filter draw 21a or 21b is shifted further until a 
surface region of the inserted filter 23 has a transmission factor in the illumination beam 
path through which the assigned excitation band is attenuated to the intensity setpoint 
25 value. In this way, all excitation bands are set to their intensity setpoint values. 
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Different embodiments of filter draw assembly 20 or the filter draw 21 and the associated 
spectral transmission curves of the filters arranged on them are explained below. 

A filter draw 21 for a multiband fluorescence microscope having two excitation bands A 
5 and D is depicted in Figure 2a. Applied to a rectangular glass plate 27 as different vapor 
deposition layers are a long-pass filter 29 for the intensity reduction of the short-wave 
excitation band A and a short-pass filter 28 for the intensity reduction of the long-wave 
excitation band D. They are located on the ends of the glass plate 27, and between them is 
the blank aperture 22 in the center of filter draw 21 . Its cross-section is equal to the beam 
10 diameter x in the aperture diaphragm 5 of the illumination beam path. Filter draw 21 can 
be continuously shifted by positioning means (not shown) longitudinally in both 
directions parallel to the aperture diaphragm plane 24. The movement is indicated by a 
double arrow. 

15 Short-pass filter 28 and long-pass filter 29 are each applied in this version as a connected 
vapor-deposition layer. The transmission of the two filters 28, 29 is largest right next to 
blank aperture 22 and gets smaller as the distance from blank aperture 22 increases. To 
this end next to blank aperture 22 filter draw 21 is not completely covered with filters 28, 
29, but rather the portion of the filter area increases as one moves from blank aperture 22 

20 toward the end of filter draw 2 1 . 

Thus, the vapor-deposition layers on the ends of filter draw 21 form a rectangle with a 
minimum edge length equal to the beam diameter x. If this vapor-deposited rectangular 
area completely covers the illumination beam path, the smallest percentile is thus set and 
25 the accompanying excitation band is completely attenuated, i.e., to the zero value. The 
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vapor-deposited rectangular area borders the base of vapor-deposited triangular area, 
whose opposing corner faces blank aperture 22. 

Via the vapor-deposited triangular areas, which always cover the beam diameter only 
5 partially, the transmission factor of short-pass filter 28 and long-pass filter 29 in each 
case diminishes as one moves from blank aperture 22 toward the ends of filter draw 2 1 . 
By inserting any fractional area of short-pass filter 28 or of long-pass filter 29, any 
desired transmission factor of the filter 28, 29 in the illumination beam path can be 
realized and thus one or the other excitation band can be weakened or faded out according 
10 to preference. 

A filter draw 21 for a multiband fluorescence microscope according to the invention 
having two excitation bands A and D is likewise depicted in Figure 2b. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
1 5 band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 
vapor-deposition layers. 

Here, as in Figure 2a, the vapor-deposition layers in the direction of blank aperture 22 
have a triangular contour. However, the triangles in this case are each not vapor-deposited 
20 as connected areas, but rather as small area elements 30 of equal size. In this way a longer 
adjustment range with higher transmissions is achieved for the two filters 28, 29. At the 
ends of filter draw 21, the vapor-deposition layers form a rectangle having a minimum 
edge length equal to the beam diameter x and thus a region of the least transmission with 
which the assigned excitation band can be attenuated to zero. 

25 
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Another filter draw 21 for a multiband fluorescence microscope according to the 
invention having two excitation bands A and D is depicted in Figure 2c. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 
5 vapor-deposition layers. Located between them is a blank aperture 22. 

The filters 28, 29 are vapor-deposited in this version of filter draw 21 next to blank 
aperture 22 as separate area elements 30 formed in any way desired (here circular). 

10 In this context, the size of area elements 30 and thus the portion of the area of filter draw 

21 increases when moving from blank aperture 22 to the ends of filter draw 21 . The 
transmission factor of filters 28 , 29 is largest next to blank aperture 22 and diminishes 
when moving in the direction toward the ends of filter draw 21 . On both ends of filter 
draw 21, each of the two filters 28, 29 have a completely vapor-deposited area with the 

1 5 smallest transmission factor, said area having at least the diameter x of the beam path. 

Another filter draw 21 for a multiband fluorescence microscope according to the 
invention having two excitation bands A and D is depicted in Figure 2d. Applied to a 
rectangular glass plate 27 are a short-pass filter 28 for filtering the long-wave excitation 
20 band A and a long-pass filter 29 for filtering the short-wave excitation band D as different 
vapor-deposition layers. Located between them is a blank aperture 22. 

In this embodiment the vapor-deposition layers are applied as strip-shaped area elements 
30, the width of the strips increasing as one moves from the center to the ends of filter 
25 draw 21 . In this way the transmission diminishes as one moves from the blank aperture 

22 toward the ends of filter draw 21. Also here the two filters 28, 29 each have a 
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completely vapor-deposited surface with the lowest possible transmission factor at both 
ends of filter draw 21, said surface having at least the diameter x of the beam path. 

The spectral transmission curves of the short-wave excitation band A and the long-wave 
5 excitation band D, as well as the transmission curves T A , T D of the associated selective 
filter, thus the long-pass filter for the short-wave excitation band A and the short-pass 
filter for the long-wave excitation band D, are depicted in Figure 2e as a function of the 
light wavelength X. Filters A and B are selected so that they only selectively filter out the 
associated excitation band for each but allow the remaining wavelength ranges to pass 
1 0 through unhindered. 

Figure 3 a shows a rectangular filter draw 21 of a two-piece filter draw assembly 20 for a 
multiband fluorescence microscope having three excitation bands A, B, D. In this 
embodiment filter draw assembly 20 consists of two rectangular filter draws 21 identical 
1 5 to said bands that are tightly inserted in the illumination beam path one behind the other 
next to the aperture diaphragm plane 24. 

Provided in the center of filter draw 21 is the blank aperture 22 having diameter x of 
illumination beam path 2. Applied as vapor-deposition layers on the two ends of filter 

20 draw 2 1 are two different combinations of two or three selective filters 28, 29, 3 1 for 
excitation bands A, B, D. The two filters 28, 31 or 29, 31 on one end are in each case 
arranged next to one another so that both filters border each other and blank aperture 22. 
In this context each filter 28, 29, 31 has an area of least transmission having at least the 
diameter x of illumination beam path 2. As a result filter draw 21 has at least a width of 

25 2x on its short end. 
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The transmission factor of filters 28, 29, 31 diminishes as one moves in the longitudinal 
direction of filter draw 21, thus in the direction of shift from blank aperture 22 toward the 
ends. This is realized in the example represented here in that the vapor-deposited surface 
of each filter 28, 29, 31 increases as one moves from blank aperture 22 toward the end of 
5 filter draw 21. 

Separate positioning means 25 for shifting filter draw 21 parallel to aperture diaphragm 
plane 24 in both the longitudinal and transverse directions are provided for each of the 
two identical shifters 21 of the filter draw assembly. As a result it is possible to insert 
1 0 filters 28, 29, 3 1, individually or in combination, completely or with only a portion of 
their surface in the illumination beam path. 

Figure 3b shows a circular filter draw 21 of a two-piece filter draw assembly 20 for a 
multiband fluorescence microscope according to the invention having three excitation 

15 bands A, B, D. In this advantageous embodiment of the multiband fluorescence 

microscope according to the invention, filter draw assembly 20 consists of two circular 
filter draws 21 identical to said bands that are tightly inserted in the illumination beam 
path one behind the other next to the aperture diaphragm plane 24. Provided in the center 
of each filter draw 21 is blank aperture 22. Three selective filters 28, 29, 31 for excitation 

20 bands A, B, D are arranged bordering said opening as vapor-deposited ring sectors that 
border each other. 

Filters 28, 29, 31 each possess a transmission factor that decreases as radius increases and 
is largest next to blank aperture 22. This is accomplished, for example, by virtue of filters 
25 28, 29, 31 not being fully vapor-deposited. Instead, vapor-deposited area elements 30 that 
get wider as they extend radially and that have non- vapor-deposited surface regions are 
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applied in between them next to blank aperture 22 so that the portion of vapor-deposited 
surface of each filter 28, 29, 31 increases as the radius increases. 

Using separate positioning means (not shown here), each of the two identical filter draws 
5 21 of filter draw assembly 20 can be shifted individually and parallel to aperture 

diaphragm plane 24. In this case it can either be laterally shifted in one direction and also 
rotated (as indicated in Figure 3b) or, alternatively, shifted within a plane in two 
directions. As a result any desired fractional area of filter draw 21, for example blank 
aperture 22 or one of the filters 28, 29, 31 having the desired transmission factor, can be 
10 inserted in the illumination beam path. By arranging two equal filter draws 21 in the 
illumination beam path, any two of the three filters 28, 29 31 can be inserted 
simultaneously in the illumination beam path so that two of the three excitation bands can 
be simultaneously weakened to the predetermined setpoint values or completely faded 
out. 

15 

Figure 3c shows an especially advantageous embodiment of a filter draw 21 for a two- 
piece filter draw assembly 20 of a multiband fluorescence microscope according to the 
invention having three excitation bands A, B, D. In this embodiment of the multiband 
fluorescence microscope, filter draw assembly 20 consists of two circular filter draws 21 
20 identical to said bands that are inserted in the illumination beam path tightly in succession 
next to aperture diaphragm plane 24. 

The filters 28, 29, 31 for the excitation bands A, B, D are advantageously arranged on the 
filter draw 21 such that it only has to be turned but not shifted (rotary movement is 
25 indicated). This simplifies the structure of the mechanical or even motorized positioning 
means, which are separately assigned to each of the two filter draws 21 (not shown). 
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In order to accomplish this, each filter draw 21 is designed with a circular shape, divided 
into six sectors and arranged pivoted around its center. The center of the circle lies 
outside the illumination beam path. Each sector can be turned by rotating filter draw 21 
5 into the illumination beam path and cover it completely. The beam cross section with the 
diameter x is inscribed. 

Each second sector is a blank aperture 22. Applied, for example glued on or vapor- 
deposited, in between each is one of the three filters 28, 29, 31 for the three excitation 

10 bands A, B, D. Each filter 28, 29, 31 exhibits an increase of the transmission factor inside 
its sector in one of the two directions of rotation, for example via different surface 
coverage with vapor-deposited area elements. As a result each filter 28, 29, 31 has next to 
the one neighboring blank aperture 22 a maximum transmission factor and next to the 
other neighboring blank aperture 22 a minimum transmission factor. By rotating the filter 

15 draw 21, one of the blank apertures 22 or one of the filters 28, 29, 31 with the desired 
transmission or a combination of the two can be inserted in the illumination beam path. 
The use of two identical filter draws 21 as a filter draw assembly makes it possible to 
attenuate up to two of the three excitations bands A, B, D simultaneously and 
independently of each other to the desired setpoint value. 

20 

Figure 3d shows the spectral transmission curves of the short-wave excitation band A, of 
the long-wave excitation band D and an intermediate excitation band B as a function of 
the light wavelength A,. 

25 Furthermore, the transmission curves T A , T B , T D of the accompanying selective filters are 
depicted, thus the long-pass filter for the short-wave excitation band A, of the short-pass 
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filter for the long-wave excitation band D and a selective filter for the excitation band B. 
The filters are selected so that they only selectively filter out the associated excitation 
band, but the remaining wavelength ranges pass through unhindered. 

5 Figure 4a shows a circular filter draw 21 for a three-part filter draw assembly 20 of a 
multiband fluorescence microscope according to the invention having four excitation 
bands A, B, C, D. In this embodiment of the multiband fluorescence microscope 
according to the invention, filter draw assembly 20 consists of three circular filter draws 
identical to said bands that are tightly inserted in the illumination beam path one behind 

10 the other next to the aperture diaphragm plane 24. Each filter draw 21 has a blank 

aperture 22 in the center. In addition four selective filters 28, 29, 31, 32 for the excitation 
bands A, B, C, D, are vapor deposited as ring sectors that border each other. 

The transmission factor of the filters 28, 29, 31, 32 diminishes as the radius increases and 
1 5 is largest next to the blank aperture 22. This is achieved, for example, by vapor- 
depositing the filters 28, 29, 31, 32 not completely, but as ring-shaped area elements 30 
with non-vapor-deposited areas with vapor-deposition between them, whereby the portion 
of the vapor-deposited area of each filter 28, 29, 31, 32 increases as the radius increases. 

20 Separate positioning means (not shown) are assigned to each of the three filter draws 21 
of filter draw assembly 20. Using these positioning means, each filter draw 21 can be 
moved individually and parallel to aperture diaphragm plane 24. In this case it can be 
shifted laterally in one direction and also rotated (as indicated in Figure 4a) or 
alternatively shifted in two directions within one plane. 
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As a result, any fractional area of filter draw 21, thus the blank aperture 22 or any 
fractional area filters 28, 29, 3 1, 32, can be inserted in the illumination beam path. By 
arranging three equal filter draws 21 in the illumination beam path, any three of the four 
filters 28, 29, 31, 32 can be simultaneously inserted in the illumination beam path. As a 
5 result up to three of the four excitation bands A, B, C, D can be weakened to the 
predetermined setpoint value or even faded out completely. 

Figure 4b shows an especially advantageous embodiment of a filter draw 21 for a three- 
part filter draw assembly 20 for a multiband fluorescence microscope according to the 
10 invention having four excitation bands A, B, C, D. In this embodiment of the multiband 
fluorescence microscope according to the invention, filter draw assembly 20 consists of 
three circular filter draws 21 identical to said bands and are inserted in the illumination 
beam path tightly in succession next to aperture diaphragm plane 24. 

15 The filters 28, 29, 3 1, 32 for the excitation bands A, B, C, D are arranged on the filter 
draw 21 such that it only has to be rotated, but does not have to be moved (rotating 
movement is indicated). That simplifies the design of the mechanical or even motorized 
positioning means that are separately assigned to each of the three filter draws 21 (not 
shown). 

20 

This is achieved by virtue of each filter draw 21 being designed with a circular shape, 
divided into eight sectors and mounted pivoted around its center. The center of the circle 
is outside the illumination beam path. By rotating the filter draw 21, each sector can be 
brought to totally or partially cover the illumination beam path. The beam cross section 
25 with the diameter x is inscribed. 
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Every second sector is a blank aperture 22. In between them one of the four filters 28, 29, 
31, 32 is applied, e.g., glued or vapor-deposited, for the three [sic] excitation bands A, B, 
C, D. Each filter 28, 29, 31 5 32 exhibits an increase of the transmission factor inside its 
sector in one of the two directions of rotation, for example, via different area coverage. 
5 As a result each filter 28, 29, 3 1, 32 has a maximum transmission factor next to the one 
neighboring blank aperture 22 and a minimum transmission factor next to the other 
neighboring blank aperture 22. 

By rotating filter draw 21, one of blank apertures 22 or one of filters 28, 29, 31, 32 having 
10 the desired transmission of a combination of both can be inserted in the illumination 
beam path. By using three filter draws 21, up to three of the four excitation bands A, B, 
C, D can be attenuated to the desired setpoint value simultaneously and independently of 
one another. 



15 In Figure 4c, the spectral transmission curves of the short-wave excitation band A, of the 
long-wave excitation wave excitation band D and of the two excitation bands B and C 
between them are represented as a function of the light wavelength X. Furthermore, the 
transmission curves T A , T B , T c , T D are specified for the associated selective filter, thus the 
long-pass filter for the short-wave excitation band A, the short-pass filter for the long- 

20 wave excitation band D, a selective filter for the excitation band B and a selective filter 
for the excitation band C. Filters A, B, C, D are selected so that they only selectively 
filter out the particular associated excitation band, but the remaining wavelength ranges 
pass through unhindered. 
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For more than four excitation bands, the filter draw assembly 20 must be expanded 
accordingly. However, it is becoming increasingly difficult to place the individual filters 
close enough next to aperture diaphragm 5. 
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Reference symbol list 





1- 


Light source 




2 


Optical axis of the illumination beam path 


5 


3 


Collector 




4 


First lens member 




5 


Aperture diaphragm 




6 


Second lens member 




7 


Radiant field stop 


10 


8 


Third lens member 




9 


Excitation filter 




10 


Beam splitter 




11 


Objective 




12 


Fluorescence object 


15 


13 


Specimen stage 




14 


Output filter 




15 


Tube lens 




16 


Intermediate image plane 




17 


Eyepiece on tube (17') 


20 


18 


Video camera 




19 


Image analysis system 




20 


Filter draw assembly 




21 


Filter draw (also 21a, 21b) 




22 


Blank aperture 


25 


23 


Selective filter(s) 




24 


Aperture diaphragm plane 
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25 


Positioning means (25a, 25b motors) 


26 


Control electronics 


27 


Glass plate 


28 


Short-pass filter for the long-wave excitation band D (X A ) 


29 


Long-pass filter for the short-wave excitation band A (X,) 


30 


Area element(s) 


31 


Subtractive filter for excitation B(XJ 


32 


Subtractive filter for excitation C(X 3 ) 


X 


Beam diameter in the aperture diaphragm plane 24 
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Claims 

1 . A method for the individual adaptation of excitation intensities in a multiband 
fluorescence microscope having several spectrally different excitation bands that 

5 are simultaneously converted from an fluorescence object (12) into fluorescence 

bands having fluorescence intensities, 
wherein 

a) the fluorescence intensities of the individual fluorescence bands in the 
microscopic image are determined and compared to intensity setpoint 

1 0 values larger than or equal to zero, 

b) for each excitation band that is assigned to a fluorescence intensity 
deviating from the intensity setpoint values, a selective filter (23; 28, 29, 
31,32) is brought into the illumination beam path. 

c) and the transmission factors of the individual filters (23 ; 28, 29, 3 1 , 32) in 
1 5 effect in the illumination beam path are continuously adjusted so that by 

attenuating the associated excitation bands, all fluorescence intensities are 
adjusted to their intensity setpoint values. 

2. The method as recited in Claim 1 , 
20 wherein 

the setpoint values for the different fluorescence intensities are all equal to the 
lowest fluorescence intensity. 
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3. The method as recited in Claim 1 , 
wherein 

at least one of the setpoint values for the different fluorescence intensities is equal 
to zero. 

5 

4. The method as recited in Claim 1 , 
wherein 

for some fluorescence intensities the setpoint values are equal to zero and for the 
rest are equal to the lowest fluorescence intensities. 

10 

5. The method as recited in Claim 1 , 
wherein 

the different fluorescence intensities are visually determined. 

15 6. The method as recited in Claim 1 , 
wherein 

the different fluorescence intensities are determined using an intensity meter. 

7, The method as recited in Claim 6, 
20 wherein 

the different fluorescent intensities are determined using a CCD or a video camera 
(18) having an image analysis system (19). 
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8. The method as recited in Claim 1 , 
wherein 

a) modifications of the fluorescence intensities are continuously determined, 

b) and by repeated adaptation of the transmission factors of the filters (23 ; 
28, 29, 3 1, 32) in effect in the illumination beam path, the fluorescence 
intensities are always brought back to their setpoint values. 

9. The method as recited in Claim 2, 
wherein 

a) modifications of the fluorescence intensities are automatically 
continuously determined, 

b) and by automatic continuous adaptation of the transmission factors of the 
filters (23; 28, 29, 31, 32) in effect in the illumination beam path, the 
fluorescence intensities are always kept at their setpoint values. 
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A multiband fluorescence microscope for utilizing the method as recited in Claim 
1, including an illumination beam path having a light source (1), a collector (3), a 
multiplicity of lens members (4, 6, 8), an aperture diaphragm (5), a radiant field 
diaphragm (7), an excitation filter (9) for simultaneous production of several 
excitation bands of different light wavelengths and a filter element to affect these 
excitation bands, also including a beam splitter (10) and an objective (1 1) that 
directs the illumination beam path onto a fluorescence object (12) on a specimen 
stage (13) and projects it through the beam splitter (10), an output filter (14) and a 
tube lens (15) into an intermediate image plane (16), 
wherein 

a) a filter draw assembly (20) made of individually movable, tightly spaced 
filter draws (21; 21a, 21b) is inserted perpendicular in the illumination 
beam path tightly next to the aperture diaphragm (5), 

b) a selective filter (23; 28, 29, 31, 32) is provided on each filter draw (21) 
for each excitation band that has surface regions with high and low 
transmission factors, 

c) the surface region having the lowest transmission factor has a minimum 
diameter equal to the beam diameter (x) to completely cancel the 
excitation band, 

d) a blank aperture (22) having the beam diameter (x) is arranged next to 
each filter (23; 28, 29,31,32), 

e) the transmission factor of each filter (23; 28, 29, 31, 32) diminishes as one 
moves further away from the blank aperture (22), 

f) and separate positioning means (25), with which any surface region of the 
filter draw (21) can be inserted in the illumination beam path, are assigned 
to each filter draw (21). 
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The fluorescence microscope as recited in Claim 10, 
wherein 

to affect a number n of excitation bands 

a) the filter draw assembly (20) consists of n-1 filter draws (21) on separate, 
tightly spaced n-1 layers/planes parallel to the aperture diaphragm plane 
(24), 

b) each filter draw (21) has at least one blank aperture (22) and n selective 
filters (23; 28, 29, 3 1, 32) for the n excitation bands. 

The fluorescence microscope as recited in Claim 10, 
wherein 

to affect two excitation bands A, D a single filter draw (21) is provided, 

a) that has on its one end a long-pass filter (29) to weaken the intensity of the 
short-wave excitation band A, 

b) that has on its other end a short-pass filter (28) to weaken the intensity of 
the long-wave excitation band D, 

c) and has the blank aperture (22) in between them, 

d) and positioning means (25) for continually shifting the filter draw (21) are 
mounted parallel to the aperture diaphragm plane (24). 
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The fluorescence microscope as recited in Claim 1 1, 
wherein 

a) the filter draw (21) has a transparent, rectangular glass plate (27) on whose 
ends the short-pass filter (28) and the long-pass filter (29) applied as vapor 
deposition layers are opposite one another, 

b) and the short-pass filter (28) and the long-pass filter (29) each have an 
increasing portion of the vapor-deposited glass surface, and as a result a 
decreasing transmission as one moves from the blank aperture (22) toward 
the ends of the filter draw (21). 

The fluorescence microscope as recited in Claim 12, 
wherein 

the areas of the two vapor-deposition layers at the ends of the filter draw (21) each 
have the form of a rectangle having a minimum edge length equal to the beam 
diameter (x) against which the base of a vapor-deposited, isosceles triangle area 
borders in the direction of the blank aperture (22). 

The fluorescence microscope as recited in Claim 12, 
wherein 

the vapor-deposition layers are applied neither wholly or in part as connected are, 
but rather as area elements (30) whose size or distances are selected differently as 
one moves in the direction of shifting from the blank aperture (22) toward the 
ends. 
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16, The fluorescence microscope as recited in Claim 1 0, 
wherein 

a two-piece filter draw assembly (20) is provided to affect three excitation bands 
A, B, D, 

a) each filter draw (21) having a circular blank aperture (22) in the center, 

b) three selective filters (28, 29, 3 1 ) for the excitation bands A, B, D having a 
transmission factor that diminishes as the radius increases are arranged as 
sectors around the center, 

c) and separate positioning means (25), with which the filter draws (21) can 
be shifted independently of each other parallel to the aperture diaphragm 
plane (24) and or rotated, are assigned to each filter draw (21). 

17. The fluorescence microscope as recited in Claim 1 6, 
wherein 

to achieve a transmission factor that diminishes as the radius increases, the portion 
of the vapor-deposited area of the filter (28, 29, 31) increases as the radius 
increases. 
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1 8. The fluorescence microscope as recited in Claim 1 0, 
wherein 

a two-piece filter draw assembly (20) made of two circular filter draws (21) is 
provided to affect three excitation bands A, B, D 5 
5 a) each filter draw (21) being divided into six sectors covering the 

illumination beam path and being arranged around its center situated 

outside the beam path, 

b) every second sector being a blank aperture (22) and with one of the three 
selective filters (28, 29, 3 1) for the excitation bands A 5 B, D being situated 

1 0 between each pair. 

c) each filter (28, 29, 31) exhibiting an increase of the transmission factor in 
one of the two directions of rotation. 

d) and separate positioning means (25) being provided for rotating each filter 
draw (21) around its center and parallel to the aperture diaphragm plane 

15 (24). 
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The fluorescence microscope as recited in Claim 10, 
wherein 

a two-piece filter draw assembly (20) made of two rectangular filter draws (21) is 
provided to affect three excitation bands A, B, D, 

a) each filter draw (21) having a blank aperture (22) in the center and having 
at both of its ends two different combinations of two out of three of the 
selective filters (28, 29, 31) for the excitation bands, 

b) the transmission factor of the filters (28, 29, 31) diminishing in the 
longitudinal direction of the filter draw (21) moving from the blank 
aperture (22) toward the ends, 

c) and separate positioning means (25) being arranged for shifting the filter 
draw (21) in the longitudinal direction and parallel to the aperture 
diaphragm plane (24). 

The fluorescence microscope as recited in Claim 10, 
wherein 

a three-piece filter draw assembly (20) made of three circular filter draws (21) is 
provided to affect four excitation bands A, B, C, D, 

a) each filter draw (21) having a blank aperture (22) in the center and four 
selective filters (28, 29, 31, 32) situated around said center for the 
excitation bands as vapor-deposited ring sectors that border each other and 
have a transmission factor that decreases as the radius increases, 

b) and separate positioning means (25) being provided parallel to the aperture 
diaphragm plane for shifting and/or rotating each filter draw (21). 
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2 1 . The fluorescence microscope as recited in Claim 10, 
wherein 

a three-piece filter draw assembly (20) made of three circular filter draws (21) is 
provided to affect four excitation bands A, B, C, D, 
5 a) each filter draw (21) being divided into eight sectors covering the 

illumination beam path and being located pivoted around its center, which 

lies outside the beam path, 

b) every second sector being a blank aperture (22) and in between them being 
situated one of the four selective filters (28, 29, 31, 32) for the excitation 

10 bands, 

c) each filter (28, 29, 31, 32) showing an increase in the transmission factor 
in one of the two directions of rotation, 

d) and separate positioning means (25) being provided for rotating each filter 
draw (21) around its center and parallel to the aperture diaphragm plane 

15 (24). 
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ABSTRACT 

The invention relates to a method for the individual adaptation of excitation intensities in 
a multiband fluorescence microscope with several excitation bands that are different in 
their spectrums and with associated fluorescence bands. The intensities of the individual 

5 fluorescence bands in the microscope image are determined and compared with standard 
intensity values greater than or equal to zero. For every excitation band that is assigned 
to a fluorescence intensity deviating from the standard intensity values a selective filter 
(23; 28, 29, 31, 32) is introduced into the illumination optical path. The transmission 
degree of the illumination optical path is variably adjusted in such a manner that by 

10 attenuating the excitation band the associated fluorescence intensity is adjusted to its 
standard intensity value. A multiband fluorescence microscope for carrying out the 
method has a set of filter slides (20) close to the aperture diaphragm (5) which set 
consists of individually displaceable, closely spaced apart filter slides (21; 21a, 21b) with 
selective filters (23; 28, 29, 31, 32) with a continuously adjustable transmission degree 

15 for every excitation band and with at least one free opening (22). The invention also 
relates to various advantageous embodiments of the set of filter slides (20). 
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Express Mail Label No. EL$lH 23 1 No. LWEP:103_US_ 

(E 0399 US) 

Declaration and Power of Attorney for Patent Application 
Erklarang fur Patentanmeldungen mit Vollmacht 

German Language Declaration 



Als nachstehend benannter Erfinder erklare ich hiermit an Eides 
Statt: 

daft mein Wohnsitz meine Postanschrift und meine 
Staatsangehorigkeit den im nachstehenden nach meinem Namen 
aufgefiihrten Angaben entsprechen, daB ich nach bestem Wissen 
der ursprungliche, erste und alleinige Erfinder (falls nachstehend 
nur ein Name angegeben ist) odor ein ursprunglicher, erster und 
Miterfinder (falls nachstehend mehrere Namen aufgefuhrt sind) 
des Gegenstandes bin, fur den dieser Antrag gestellt wird und fur 
den ein Patent fur die Erfindung mit folgendem Titel beantragt 
wird: 

VERFAHREN ZUR INDIVIDUELLEN ANPASSUNG VON 
ANREGUNGSINTENSITATEN BEI EINEM MULTIBAND- 
FLUORESZENZ-MIKROSKOP UND MULTIBAND- 
FLUORESZENZ-MIKROSKOP ZUR DURCHFUHRUNG 
DES VERFAHRENS 

daren Beschreibung hier beigefugt ist es sei denn (in diesem Falle 
Zutreffendes bitte ankreuzen), diese Erfindung 

wur de angemeldet am 27.November.1999 unter der US- 
Anmeldenummer oder unter der Internationalen 
Anmeldenummer im Rahmen des Vertrags uber die 
Zusammenarbeit auf dem Gebiet des Patentwesens 

(PCT) PCT/DE99/03768 und am, 

abgeandert (falls zutreffend). 

Ich bestatige hiermit, daB ich den Inhalt der oben angegebenen 
Patentanmeldung, einschlieBlich der Anspriiche, die eventuell 
durch einen oben erwahnten Zusatzantrag abgeandert wurde, 
durchgesehen und verstanden habe. 

Ich erkenne meine Pflicht zur Offenbarung jeglicher Informationen 
an, die zur Prufung der Patentfahigkeit in Einklang mit Titel 37, 
Code of Federal Regulations, 1.56 von Belang sind. 

Ich beanspruche hiermit auslandische Prioritatsvorteile gemaft 
Title 35, US Code, 119(a)-(d), bzw. 365(b) aller unten 
aufgefiihrten Auslandsanmeldungen fur Patente oder 
Erfmderurkunden, oder 365(a) aller PCT internationalen 
Anmeldungen, welche wenigstens ein Land ausser den Vereinigten 
Staaten von Amerika benennen, und habe nachstehend durch 
ankreuzen samtliche Auslands- anmeldungen fur Patente bzw. 
Erfmderurkunden oder PCT internatioonaie Anmeldungen 
angegeben, deren Anmeldetag dem der Anmeldung, fur welche 
Prioritat beansprucht wird, vorangeht. 



As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as stated next 
to my name. I believe I am the original, first and sole inventor (if 
only one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject matter 
which is claimed and for which a patent is sought on the invention 
entitled: 



METHOD FOR THE INDIVIDUAL ADAPTATION OF 
EXCITATION INTENSITIES IN A MULTIBAND 
FLUORESCENCE MICROSCOPE AND MULTIBAND 
FLUORESCENCE MICROSCOPE FOR CARRYING OUT 
SAID METHOD 

the specification of which is attached hereto unless the following 
box is checked: 

g| was filed on November 27, 1999 as United States 
Application Number or PCT International Application 
Number PCT/DE99/03768 and was amended on 
(if applicable). 



I hereby state that I have reviewed and understand the contents of 
the above-identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations, Section 1.56. 

I hereby claim foreign priority under Title 35, United States Code, 
Section 1 19(a)-(d) or Section 365(b) of any foreign application(s) 
for patent or inventor's certificate, or Section 365(a) of any PCT 
International Application which designated at least one country 
other than the United States, listed below and have also identified 
below, by checking the box, any foreign application for patent or 
inventor's certificate, or PCT International application having a 
filing date before that of the application on which priority is 
claimed. 
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Prior Foreign Applications 
(Frtihere auslandische Anmeidungen) 

198 58 206.4 Germany 17/December/1998 

App. No. Country Day/Month/Year 

App. No. Country Day/Month/Year 

Ich beanspruche hiermit Prioritatsvorteile unter Title 35, US Code, 
1 19(e) aller US-Hi Ifsanmeldungen wie unten aufgezahlt 

App. No. Filed: 

App. No. Filed; 

Ich beanspruche hiermit die mir unter Title 35, US Code, 120 
zustehenden Vorteile aller unten aufgefiihrten US- 
Patentanmeldungen bzw. 365(c) aller PCT internationalen 
Anmeldungen, welche die Vereinigten Staaten von Amerika 
Jbenennen, und erkenne, insofern der Gegenstand eines jeden 
| fruheren Anspruchs dieser Patentanmeldung nicht in einer US- 
, Patentanmeidung, bzw. PCT internationalen Anmeldung in in 
einer germaB dem ersten Absatz von Title 35, US-Code, 112 
1 vorgesschreibenen Art und Weise offenbart wurde, meine Pflicht 
zur Offenbarung jeglicher Informationen an, die zur Priifung der 
Patentfahigkeit in Einklang mit Title 37, Code of Federal 
Regulations, 1 .56 von Belang sind und die im Zeitraum zwischen 
dem Anmeldetag der fruheren Patentanmeldung und dem 
nationalen oder im Rahmen des Vertrags uber die Zusammenarbeit 
auf dem Gebiet des Patentwesen (PCT) giiltigen internationalen 
Anmeldetags bekannt gevvorden sind. 

App. No. Filed: 

App. No. Filed: 

Ich erklarehiermit, daB alle in der vorliegenden Erklarung von mir 
gemachten Angaben nach bestem Wissen und Gewissen der 
Wahrheit entsprechen, und ferner daB ich diese eidesstattliche 
Erklarung in Kenntnis dessen abiege, daB wissenthch und 
vorsatzlich falsche Angaben oder dergleichen gemaB Section 
1001, Title 18 des US-Code strafbar sind und mit Geldstrafe 
und/oder Gefangnis bestraft werden konnen und daB derartige 
wissentlich und vorsatzlich falsche Angaben die 
Rechtswirksamkeit der vorliegenden Patentanmeldung oder eines 
aufgrund deren erteilten Patentes gefahrden konnen. 

VERTRETUNGSVOLMACHT: Als benannter Erfinder 
beauftrage ich hiermit den (die) nachstehend aufgefuhrten 
Patentanwalt (Patentanwalte) und/oder Vertreter mit der 
Verfolgung der vorliegenden Patentanmeldung so wie mit der 
Abwicklung aller damit verbundenen Angelegenheiten vor dem 
US -Patent- und Markenamt: (Name(n) und 
Registrationsnummer(n) auflisten) 



Priority Not Claimed 
(Prioritat nicht beansprucht") 

□ 
□ 
□ 

I hereby claim the benefit under Title 35. United States Code, 
Section 119(e) of any United States provisional application(s) 
listed below. 



I hereby claim the benefit under Title 35, United States Code, 1 20 
of any United States application(s), or Section 365(c) of any PCT 
International application designating the United States, listed 
below and. insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first 
paragraph of Title 35, United States Code, Section 112, I 
acknowledge the duty to disclose information which is material to 
patentability as defined in Title 37, Code of Federal Regulations, 
Section 1 .56 which became available between the filing date of the 
prior application and the national or PCT International filing date 
of this application. 



Status: Patented/Pending/Abandoned 
Status: Patented/Pending/Abandoned 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true: and further that these statements 
were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, 
under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the 
application or any patent issued thereon. 



POWER OF ATTORNEY: As a named inventor, I hereby appoint 
the following attorney(s) and/or agent(s) to prosecute this 
application and transact all business in the Patent and Trademark 
Office connected therewith: (list name and registration number) 
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George L. Snyder, Jr. Reg. N o. 37,729 

Robert P. Simpson Reg. NoJQ&te 

R. Craig Kauffman Reg. No ^20,362 

Howard M. Ellis Reg. No^^S^ 

Postanschrift: Send Correspondence to: 

Simpson, Sim pson & Snyder, L.L.P. 

"~5555~Main Street ~~ 



rWTlliamsviTleTNew York 14221 



Telefonische Auskunfte: Direct Telephone Calls to: 

George L. Snyder, Jr. (716) 626-1564 

Full Name of sole or first inventor Inventor's signature: Date: 

Unterschrift des Erfinders: Datum: 



Albrecht WEISS 



I 1 



Residence: Schillerstrasse 18 

Wohnsitz: D-35440 Ljj 

Germany 

Citizenship: Germany 
Staatsangehorigkeit: 



Post Office Address: Same as above 

Postanschrift. 
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